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Introduction and purpose
In preparing these guidelines the Committee estab-
lished by the European Society of Hypertension (ESH)
and the European Society of Cardiology (ESC) has
aimed at offering the best available and most balanced
information to all those involved in the management of
arterial hypertension. The Committee is aware that it is
easier to prepare guidelines on a medical condition in
general than to deal with the individual patients with
that condition requiring medical advice and interven-
tion. Because of this awareness, the Committee has
tried to avoid giving rigid rules that would constrain
judgement on the management of individual patients
differing in their personal, medical and cultural charac-
teristics.
In the past, the European Society of Hypertension,
together with the European Society of Cardiology, did
not draw up specific guidelines on hypertension but
chose to endorse guidelines prepared by the World
Health Organization (WHO)/International Society of
Hypertension (ISH) Liaison Committee [1,2], and to
incorporate them, with some adaptation, into joint
European recommendations for the prevention of cor-
onary heart disease [3,4].
Since 1999, considerable new evidence on some of the
important issues left open in the 1999 WHO/ISH
guidelines has accumulated, requiring the present up-
date of the guidelines. Moreover, the WHO/ISH guide-
lines are written for a global audience from countries
that vary widely in the extent of their health care
provision and the availability of resources. Europe is a
much more homogeneous community, with populations
enjoying greater longevity but suffering a higher inci-
dence of chronic cardiovascular disease, often despite
well-developed health systems devoting high propor-
tion of resources to disease prevention. With the
preparation of these guidelines, the European Society
of Hypertension and the European Society of Cardiol-
ogy respond to the suggestion of the WHO/ISH guide-
lines that regional experts draw up recommendations
specifically directed toward the management of patients
in their own region [2]. Consequently these guidelines
are also endorsed by the International Society of
Hypertension.
These guidelines have been prepared on the basis of
the best available evidence for all key recommenda-
tions, and with the principle that guidelines should be
educational rather than merely prescriptive. The Com-
mittee members take the view that, although large
randomized controlled trials and meta-analyses provide
the strongest evidence about several aspects of therapy,
scientific evidence is drawn from many sources, and
where necessary all sources have been used. Therefore,
the Committee has avoided rigid classification of its
recommendations dependent upon the strength of
available evidence. However, for readers preferring a
more critical assessment of the evidence, these recom-
mendations have been accompanied by relevant refer-
ences, and those articles based on large randomized
trials, meta-analyses or large observational studies have
been clearly identified. Furthermore, for practitioners
wishing to receive concise advice, these guidelines will
be complemented by a brief set of Practice Recom-
mendations.
The members of the Guidelines Committee, estab-
lished by the ESH and ESC, have participated inde-
pendently in the preparation of this document, drawing
on their academic and clinical experience and utilizing
an objective and critical examination of all available
literature. Most have undertaken, and are undertaking,
work in collaboration with industry and governmental
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or private health providers (research studies, teaching
conferences, consultation), but all believe such activ-
ities haven not influenced their judgement. The best
guarantee of their independence is in the quality of
their past and current scientific work. However, to
ensure openness, their relations with industry, govern-
ment and private health providers are listed in the
Appendix at the end of these guidelines. Expenses for
the Writing Committee and preparation of these guide-
lines were provided entirely by the European Society
of Hypertension.
Definition and classification of hypertension
Systolic, diastolic and pulse pressures as predictors
Historically more emphasis has been placed on diastolic
than systolic blood pressure as a predictor of cerebro-
vascular and coronary heart disease. This was reflected
in the design of the major randomized controlled trials
of hypertension management which, almost universally,
used diastolic blood pressure thresholds as inclusion
criteria until the 1990s [5]. Subjects with isolated
systolic hypertension were excluded by definition from
such trials. Nevertheless, large compilations of observa-
tional data before [6] and since the 1990s [7] confirm
that both systolic and diastolic blood pressures show a
continuous graded independent relationship with risk
of stroke and coronary events.
In the European context, the relationship between
systolic blood pressure and relative risk of stroke is
steeper than that for coronary events, which reflects the
closer aetiological relationship with stroke. However,
the attributable risk – that is excess deaths due to
raised blood pressure – is greater for coronary events
than for stroke, reflecting the higher incidence of heart
disease in most of Europe. This notwithstanding, the
relative incidence of stroke is increasing in our ageing
population, as shown in recent randomized controlled
trials [8].
The apparently simple direct relationship between
increasing systolic and diastolic blood pressures and
cardiovascular risk is confounded by the fact that
systolic blood pressure rises throughout the adult age
range in European (as well as in many non-European)
populations, whereas diastolic blood pressure peaks at
about age 60 years in men and 70 years in women, and
falls gradually thereafter [9]. These phenomena repre-
sent the results of some of the pathological processes
that underlie ‘hypertension’ and cardiovascular diseases
[10].
At least in elderly populations, these observations help
to explain why a wide pulse pressure (systolic blood
pressure minus diastolic blood pressure) has been
shown in some observational studies to be a better
predictor of adverse cardiovascular outcomes than
either systolic or diastolic pressure individually, and to
identify patients with systolic hypertension who are at
specifically high risk. These studies [11–14] reported
that for a given level of systolic blood pressure, diastolic
blood pressure had an inverse association with cardio-
vascular risk. However, in the largest meta-analysis of
observational data in almost 1 million patients from 61
studies (70% of which were in Europe) [7], both
systolic and diastolic blood pressures were indepen-
dently predictive of stroke and coronary mortality, and
more so than pulse pressure. Even in this meta-analysis,
however, the contribution of pulse pressure to cardio-
vascular risk increased after age 55 years.
In practice, given that we have randomized controlled
trial data supporting the treatment of isolated systolic
[15,16] and diastolic hypertension [5], we should con-
tinue to use both systolic blood pressure and diastolic
blood pressure for guidance of treatment thresholds.
For the purposes of classification and risk assessment
(see Tables 1 and 2), while it could be argued that
focusing on systolic blood pressure is sufficient, the use
of both systolic and diastolic values to categorize blood
pressure control levels, and thereby overall risk, re-
mains a simple and pragmatic approach.
Classification of hypertension
The continuous relationship between the level of blood
pressure and cardiovascular risk makes any numerical
definition and classification of hypertension arbitrary.
That offered by Rose [17] more than 30 years ago
(‘Hypertension should be defined in terms of a blood
pressure level above which investigation and treatment
do more good than harm’) also indicates that any
numerical definition must be a flexible one resulting
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Box 1 Position statement: Purpose of
guidelines
• The guidelines have been prepared by an Expert
Committee appointed by the European Society of
Hypertension and the European Society of Cardi-
ology, and have been endorsed by the Interna-
tional Society of Hypertension.
• These have been prepared on the basis of the best
available evidence on all issues deserving recom-
mendations, and with the consideration that
guidelines should have an educational purpose
more than a prescriptive one.
• Although large randomized controlled trials and
their meta-analyses provide the strongest evidence
about several aspects of therapy, scientific evi-
dence is drawn from many sources and, where
necessary, all sources have been used.
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from evidence of risk and availability of effective and
well-tolerated drugs.
In consequence, it would be appropriate to use a
classification of blood pressure without the term ‘hyper-
tension’. However, this could be confusing and might
detract attention from investigation of the mechanisms
raising blood pressure and diminish the case for tight
blood pressure control [18]. Therefore, the 1999 WHO/
ISH classification [2] has been retained in Table 1, with
the reservation that the real threshold for hypertension
must be considered as flexible, being higher or lower
based on the total cardiovascular risk profile of each
individual. Accordingly, the definition of high normal
blood pressure in Table 1 includes values that may be
considered as ‘high’ (i.e. hypertension) in high-risk
subjects, or acceptable in individuals at lower risk. As a
result, the subgroup ‘borderline’ hypertension, present
in the 1999 WHO/ISH guidelines [2], has not been
retained.
Total cardiovascular risk
Historically, therapeutic intervention thresholds for the
treatment of cardiovascular risk factors such as blood
pressure, blood cholesterol and blood sugar have been
based on variably arbitrary cutpoints of the individual
risk factors. Because risk factors cluster in individuals
[19,20] and there is a graded association between each
risk factor and overall cardiovascular risk [21], the
contemporary approach to treatment is to determine
the threshold, at least for cholesterol and blood pressure
reduction, based on the calculation of estimated coron-
ary [3,4] or cardiovascular (coronary plus stroke) [22]
risk over a defined, relatively short-term (e.g. 5- or
10-year) period.
Complex and computerized methods have been devel-
oped for estimating short-term risk. Most risk estima-
tion systems are based on Framingham data [23].
Although this database has been shown to be reason-
ably applicable to some European populations [24], risk
estimates require recalibration in other populations
[25], due to important differences in the prevailing
incidence of coronary and stroke events. Estimates
directly relevant to various European populations or
patients specifically with hypertension are becoming
increasingly available [26–32], and recently the
SCORE project has provided tables that predict 10-year
risk of fatal cardiovascular disease separately for higher-
risk countries in northern Europe and lower-risk coun-
tries in southern Europe [33]. The main disadvantage
associated with intervention thresholds based on rela-
tively short-term absolute risk is that younger adults
(particularly women) are unlikely to reach treatment
thresholds despite being at high risk relative to their
peers, though having more than one major risk factor.
By contrast, most elderly men (e.g. .70 years) will
often reach treatment thresholds while being at very
little increased risk relative to their peers. The con-
sequences are that most resources are concentrated on
the oldest subjects, whose potential lifespan is rela-
tively limited, despite intervention, while young sub-
jects at high relative risk remain untreated, despite, in
the absence of intervention, a greater predicted short-
ening of their otherwise much longer potential lifespan
[34,35]. A simple approach to offset this lack of weight-
ing for potential life years gained for the young at high
relative risk, is to determine the threshold for interven-
tion on the basis of estimated risk for the subject
projected to the age of 60 [3,4]. Alternatively, interven-
tion might be based on relative risk for subjects young-
er than 60 and on absolute risk level for older patients
[26].
On this basis, a classification using stratification for total
cardiovascular risk is suggested in Table 2. It is derived
from the scheme included in the 1999 WHO/ISH
guidelines [2], but extended to indicate the added risk
in some group of subjects with ‘normal’ or ‘high
normal’ blood pressure. The terms low, moderate, high
and very high added risk are calibrated to indicate an
approximate absolute 10-year risk of cardiovascular
disease of ,15%, 15–20%, 20–30% and .30%, respec-
tively, according to Framingham criteria [23], or an
approximate absolute risk of fatal cardiovascular disease
,4%, 4–5%, 5–8%, and .8% according to the SCORE
chart [33]. These categories can also be used as
indicators of relative risks, thereby leaving doctors free
to use one or the other approach without the constraint
of arbitrary absolute thresholds based on a probable
underestimation of treatment benefits [35,36]. The
distinction between high and very high risk has been
maintained, mostly in order to preserve a distinctive
place for secondary prevention (patients with associated
clinical conditions), although admittedly it does not
influence management decisions significantly.
Table 3 indicates the most common risk factors, target
organ damage, diabetes and associated clinical condi-
tions which are used to stratify risk. This updates a
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Table 1 Definitions and classification of blood pressure levels
(mmHg)
Category Systolic Diastolic
Optimal , 120 , 80
Normal 120–129 80–84
High normal 130–139 85–89
Grade 1 hypertension (mild) 140–159 90–99
Grade 2 hypertension (moderate) 160–179 100–109
Grade 3 hypertension (severe) > 180 > 110
Isolated systolic hypertension > 140 , 90
When a patient’s systolic and diastolic blood pressures fall into different
categories, the higher category should apply. Isolated systolic hypertension can
also be graded (grades 1, 2, 3) according to systolic blood pressure values in the
ranges indicated, provided diastolic values are ,90.
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similar table in the 1999 WHO/ISH guidelines [2] in
several major respects:
1. Obesity is defined as ‘abdominal obesity’, in order to
give specific attention to an important sign of the
metabolic syndrome [37].
2. Diabetes is listed as a separate criterion in order to
underline its importance as a risk factor, at least
twice as large as in absence of diabetes [33,38,39].
3. Microalbuminuria is categorized as a sign of target
organ damage, but proteinuria as a sign of renal
disease (associated clinical condition).
4. Slight elevation of serum creatinine concentration
(107–133 mol/l, 1.2–1.5 mg/dl) is taken as a sign of
target organ damage, and concentrations .133 mol/
l (.1.5 mg/dl) as an associated clinical condition
[39,40].
5. C-reactive protein has been added among risk
factors (or markers) because of the mounting evi-
dence that it is a predictor of cardiovascular events
at least as strong as low-density lipoprotein (LDL)-
cholesterol [41], and because of its association with
the metabolic syndrome [42].
6. Generalized or focal narrowing of the retinal arteries
is omitted from signs of target organ damage, since
it is seen too frequently in subjects aged 50 years or
older [43], but retinal haemorrhages, exudates and
papilloedema are retained as associated clinical
conditions.
The Committee is aware that the use of categorical
tables rather than equations based on continuous vari-
ables may have limitations [44], and that cardiovascular
risk evaluation is an inexact science [36]. Furthermore,
the weight of target organ damage in determining
calculation of overall risk will be heavily dependent on
how carefully it is assessed [45]. This aspect will be
discussed further in the section devoted to diagnosis.
Diagnostic evaluation
Diagnostic procedures are aimed at: (1) establishing
blood pressure levels; (2) identifying secondary causes
of hypertension; (3) evaluating the overall cardio-
vascular risk by searching for other risk factors, target
organ damage and concomitant diseases or accompany-
ing clinical conditions [46].
The diagnostic procedures comprise:
1. repeated blood pressure measurements;
2. medical history;
3. physical examination;
4. laboratory and instrumental investigations, some of
which should be considered part of the routine
approach in all subjects with high blood pressure,
some which are recommended and may be used
extensively (at least in the highly developed health
systems of Europe), and some which are indicated
only when suggested by some of the core examina-
tions or the clinical course of the patient.
Blood pressure measurement
Blood pressure is characterized by large variations both
within and between days [47]. Therefore, the diagnosis
of hypertension should be based on multiple blood
pressure measurements, taken on separate occasions. If
blood pressure is only slightly elevated, repeated meas-
urements should be obtained over several months,
because there is often a regression to normal levels. If a
patient has a more marked blood pressure elevation,
evidence of hypertension-related organ damage or a
high or very high cardiovascular risk profile, repeated
measurements should be obtained over shorter periods
of time, such as weeks or days. Blood pressure can be
measured by the doctor or the nurse in the office or in
the clinic (office or clinic blood pressure), by the
patient at home, or automatically over a 24-h period.
Blood pressure measurement procedures have been
discussed extensively in a recent document of the
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Table 2 Stratification of risk to quantify prognosis
Blood pressure (mmHg)
Other risk factors and disease history Normal
SBP 120–129
or DBP 80–84
High normal
SBP 130–139
or DBP 85–89
Grade 1
SBP 140–159
or DBP 90–99
Grade 2
SBP 160–179
or DBP 100–109
Grade 3
SBP > 180
or DBP > 110
No other risk factors Average risk Average risk Low added risk Moderate added risk High added risk
1–2 risk factors Low added risk Low added risk Moderate added risk Moderate added risk Very high added risk
3 or more risk factors orTOD ordiabetes Moderate added risk High added risk High added risk High added risk Very high added risk
ACC High added risk Very high added risk Very high added risk Very high added risk Very high added risk
ACC, associated clinical conditions; TOD, target organ damage; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Working Group of the European Society of Hyper-
tension [48]. These procedures can be summarized as
follows.
Office or clinic blood pressure measurement
Blood pressure can be measured by a mercury sphyg-
momanometer with its various parts (rubber tubes,
valves, quantity of mercury, etc.) kept in proper condi-
tions. Other non-invasive devices (aneroid and ausculta-
tory or oscillometric semiautomatic devices) can also be
used and will, regrettably, become increasingly impor-
tant because of the progressive restriction on mercury
use in European countries. However, these devices
should be validated according to standardized protocols
[49] and their accuracy should be checked periodically
by comparison with mercury sphygmomanometric va-
lues. Procedures for office blood pressure measure-
ments are listed in Box 2.
Ambulatory blood pressure measurement
Several devices (mostly oscillometric) are available
which permit the automatic monitoring of blood pres-
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Box 2 Procedures for blood pressure
measurement
When measuring blood pressure, care should be
taken to
• Allow the patients to sit for several minutes in a
quiet room before beginning blood pressure meas-
urements.
• Take at least two measurements spaced by 1–2
min, and additional measurements if the first two
are quite different.
• Use a standard bladder (12–13 cm long and 35 cm
wide) but have a larger and a smaller bladder
available for fat and thin arms, respectively. Use
the smaller bladder in children.
• Have the cuff at the heart level, whatever the
position of the patient.
• Use phase I and V (disappearance) Korotkoff
sounds to identify systolic and diastolic blood
pressure, respectively.
• Measure blood pressure in both arms at first visit
to detect possible differences due to peripheral
vascular disease. In this instance, take the higher
value as the reference one, when the auscultatory
method is employed.
• Measure blood pressure 1 and 5 min after assump-
tion of the standing position in elderly subjects,
diabetic patients, and in other conditions in which
orthostatic hypotension may be frequent or sus-
pected.
• Measure heart rate by pulse palpation (30 s) after
the second measurement in the sitting position.
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sure in patients allowed to conduct a near normal life.
Such systems can provide information on blood pres-
sure profiles over 24 h, as well as on average blood
pressure values over 24 h or over more restricted
periods, such as the day, the night and the morning
[48]. This information should not be regarded as a
substitute for information derived from conventional
blood pressure measurements. However, it may be
considered to provide additional clinical value, because
cross-sectional and longitudinal studies have shown
office blood pressure to have a limited relationship with
24-h pressure [50]. These studies have also shown that
ambulatory blood pressure: (1) correlates with hyper-
tensive target organ damage more closely than does
office blood pressure [51–54]; (2) predicts, both in
populations and in hypertensive patients, the cardio-
vascular risk over and above the prediction provided by
office values [55–58]; and (3) measures more accurately
than office blood pressure the extent of blood pressure
reduction induced by treatment, because of the ab-
sence of a ‘white-coat’ [59] and placebo [60] effect,
with higher reproducibility over time [61]. Although
some of the above advantages can be obtained by
increasing the number of office blood pressure meas-
urements [62], 24-h ambulatory blood pressure
monitoring before and during treatment can be recom-
mended in some circumstances at the time of diagnosis
and occasionally during treatment.
When measuring 24-h blood pressure [48], care should
be taken to:
• use only devices validated by international standar-
dized protocols;
• use cuffs of appropriate size and compare the initial
values with those from a sphygmomanometer to
check that the differences are not greater than 
5 mmHg;
• set the automatic readings at no more than 30 min
intervals to obtain an adequate number of values,
and have most hours represented if some readings
are rejected because of artefacts;
• instruct the patients to engage in normal activities but
to refrain from strenuous exercise, and to keep the arm
extended and still at the time of measurement;
• ask the patient to provide information in a diary on
unusual events, and on duration and quality of night
sleep. Although in the population, and in hypertensive
patients, day and night blood pressures normally show
a close correlation, there is evidence that subjects in
whom nocturnal hypotension is blunted, and thus
exhibit a relatively high night blood pressure, may
have an unfavourable prognosis [63];
• obtain another ambulatory blood pressure monitoring
if the first examination has less than 70% of the
expected values because of a high number of
artefacts;
• remember that ambulatory blood pressure is usually
several mmHg lower than office blood pressure [64–
66]. As shown in Table 4, in the population, office
values of 140/90 mmHg approximately correspond to
24-h average values 125/80 mmHg. Mean daytime
and night-time values are several mmHg higher and,
respectively, lower than 24-h means, but threshold
values are more difficult to be established, as these
are markedly influenced by behaviour during day or
night.
Clinical decisions may be based on mean 24-h, day or
night values, but preferably on 24-h means. Other
information derivable from ambulatory blood pressure
(e.g. blood pressure standard deviations, trough-to-peak
ratio, smoothness index) is clinically promising but still
only in the research phase.
Home blood pressure
Self-measurements of blood pressure at home cannot
provide the extensive information on 24-h blood pres-
sure values provided by ambulatory blood pressure
monitoring. It can provide values on different days,
however, in settings as close to daily life conditions as
possible. When averaged over a period of a few days
these values have been shown to share some of the
advantages of ambulatory blood pressure, that is to have
no white-coat effect and to be more reproducible and
predictive of the presence and progression of organ
damage than are office values [51,67]. Therefore, home
blood pressure measurements for suitable periods (e.g.
a few weeks) before and during treatment can also be
recommended because this relatively cheap procedure
may improve patient’s adherence to treatment [68].
When advising self-measurement of blood pressure at
home [48] care should be taken to:
• advise only the use of validated devices; none of the
presently available wrist devices for measurement of
blood pressure have been validated satisfactorily;
should any of these wrist devices become validated,
the subject should be advised to keep the arm at
heart level during measurement;
• recommend semi-automatic rather that mercury
sphygmomanometric devices, to avoid the difficulty
of patient instruction and the error from hearing
problems in elderly individuals;
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Table 4 Blood pressure thresholds (mmHg) for definition of
hypertension with different types of measurement
SBP DBP
Office or clinic 140 90
24-hour ambulatory 125 80
Home (self) 135 85
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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• instruct the patients to make measurement seated
after several minutes of rest, and inform them that
values may differ between measurements because of
spontaneous blood pressure variability;
• avoid requesting an excessive number of measure-
ments and ensure that some of these are made before
drugs are taken to provide information on duration of
the treatment effect;
• as for ambulatory blood pressure, note that normality
values are lower for home compared with office
pressures. Take 135/85 mmHg as the values for home
blood pressure which correspond to 140/90 mmHg
measured in the office or clinic (Table 4);
• give the patient clear instructions on the need to
provide the doctor with proper documentation of the
measured values and to avoid self-alterations of the
treatment regimens.
Recently, the telephone transmission of self-measured
blood pressures has been proposed to shorten treatment
titration and improve blood pressure control, but the
evidence is preliminary [69].
Systolic blood pressure measurements during physical
exercise or laboratory stressors
Systolic blood pressure measurements during bicycle
exercise (there has been no systematic study during
treadmill exercise yet) have been proposed as more
sensitive indicators of the degree of blood pressure
elevation, the cardiovascular risk or the chance of
normotensive individuals developing hypertension (dia-
stolic blood pressure values during exercise may be
inaccurate and are poorly reproducible). Although the
cut-off exercise blood pressure dividing normotensive
from hypertensive subjects has not been identified
properly [70], the value of this approach in addition to
conventional resting blood pressure is supported by
large long-term studies [71,72]. A rise in exercise
systolic blood pressure to .200 mmHg during the first
6min of bicycle exercise predicts a doubling of cardio-
vascular death rate in middle-aged men. However,
whether or not an excessive rise in blood pressure
during exercise adds diagnostic precision to blood
pressure at rest depends on the response of the cardiac
output; if the exercise-induced rise in cardiac output is
impaired in hypertensives, exercise blood pressure does
no longer carry independent prognostic power [73]. On
the whole, systolic blood pressure measurement during
exercise, though potentially valuable, is not recom-
mended as a routine procedure in hypertensives.
Blood pressure values obtained during laboratory stres-
sors have not been demonstrated conclusively to be
useful predictors of outcome [74].
Isolated office or white-coat hypertension
In some patients office blood pressure is persistently
elevated while daytime or 24-h blood pressure values
are normal. This condition is widely known as ‘white-
coat hypertension’ [75], although a more descriptive and
less mechanistic term ‘isolated office (or clinic) hyper-
tension’ is preferable because the office ambulatory
blood pressure difference does not correlate with the
office blood pressure elevation induced by the alert
response to the doctor or the nurse, i.e. the true ‘white-
coat effect’ [76]. Regardless of the terminology, evidence
is now available that isolated office hypertension is not
infrequent (about 10% in the general population [77])
and that it accounts for a non-negligible proportion of
individuals in whom hypertension is diagnosed. Also
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Table 5 Isolated office (or clinic) hypertension (so-called ‘white-
coat hypertension’)
Diagnosis Office BP > 140/90 mmHg (at several visits);
24 h ambulatory BP , 125/80 mmHg
Investigation Possible metabolic risk factors; possible target
organ damage
Prescription Lifestyle changes and close follow-up; drug
treatment if evidence of target organ damage
BP, blood pressure
Box 3 Position statement: Blood pressure
measurement
• Blood pressure values measured in the doctor’s
office or the clinic should commonly be used as
reference.
• Twenty-four-hour ambulatory blood pressure mon-
itoring may be considered of additional clinical
value, when:
– considerable variability of office blood pressure
is found over the same or different visits;
– high office blood pressure is measured in
subjects otherwise at low global cardiovascular
risk;
– there is marked discrepancy between blood
pressure values measured in the office and at
home;
– resistance to drug treatment is suspected;
– research is involved.
• Self-measurement of blood pressure at home
should be encouraged in order to:
– provide more information for the doctor’s deci-
sion;
– improve patient’s adherence to treatment regi-
mens.
• Self-measurement of blood pressure at home
should be discouraged whenever:
– it causes patients anxiety;
– it induces self-modification of the treatment
regimen.
• Normal values are different for office, ambulatory
and home blood pressure (see Table 4)
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there is evidence that in individuals with isolated office
hypertension, cardiovascular risk is less than in indivi-
duals with raised office and ambulatory blood pressures
[77]. However, several, although not all, studies have
reported this condition to be associated with target
organ damage and metabolic abnormalities, which sug-
gests that it may not be an entirely innocent phenom-
enon clinically [78].
As indicated in Table 5, physicians should diagnose
isolated office hypertension whenever office blood
pressure is >140/90 mmHg at several visits while 24-h
ambulatory blood pressure is ,125/80 mmHg. Diag-
nosis can also be based on home blood pressure values
(average of several day readings ,135/85 mmHg).
There should be a search for metabolic risk factors and
target organ damage. Drug treatment should be insti-
tuted when there is evidence of organ damage or a high
cardiovascular risk profile. Lifestyle changes and a close
follow-up should be implemented in all patients with
isolated office hypertension in whom the physicians
elect not to start pharmacological treatment.
Though less frequent, a phenomenon that is the
reverse of ‘isolated office hypertension’ may occur, viz.
individuals with normal office blood pressure (, 140/
90 mmHg) may have elevated ambulatory blood pres-
sure values (‘isolated ambulatory hypertension’) [79].
These individuals have been shown to display a greater
than normal prevalence of target organ damage [80].
Family and clinical history
A comprehensive family history (Box 4) should be
obtained, with particular attention to hypertension,
diabetes, dyslipidaemia, premature coronary heart dis-
ease, stroke or renal disease.
Clinical history should include:
1. duration and previous levels of high blood pressure;
2. symptoms suggestive of secondary causes of hyper-
tension and intake of drugs or substances that can
raise blood pressure, such as liquorice, cocaine,
amphetamines, oral contraceptives, steroids, non-
steroidal anti-inflammatory drugs, erythropoietin,
and cyclosporins;
3. lifestyle factors, such as dietary intake of fat (animal
fat in particular), salt and alcohol, smoking and
physical activity, weight gain since early adult life;
4. past history or current symptoms of coronary disease,
heart failure, cerebrovascular or peripheral vascular
disease, renal disease, diabetes mellitus, gout, dysli-
pidaemia, bronchospasm or any other significant
illnesses, and drugs used to treat those conditions;
5. previous antihypertensive therapy, its results and
adverse effects; and
6. personal, family and environmental factors that may
influence blood pressure, cardiovascular risk, as well
as the course and outcome of therapy.
Physical examination
In addition to blood pressure measurement, physical
examination should search for evidence of additional
risk factors (in particular abdominal obesity), for signs
suggesting secondary hypertension, and for evidence of
organ damage (Box 5).
Laboratory investigations
Laboratory investigations (Box 6) are directed at pro-
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Box 4 Guidelines for family and clinical
history
1. Duration and previous level of high blood pres-
sure.
2. Indications of secondary hypertension:
(a) family history of renal disease (polycystic
kidney);
(b) renal disease, urinary tract infection, haema-
turia, analgesic abuse (parenchymal renal dis-
ease);
(c) drug/substance intake: oral contraceptives,
liquorice, carbenoxolone, nasal drops, cocaine,
amphetamines, steroids, non-steroidal anti-in-
flammatory drugs, erythropoietin, cyclosporin;
(d) episodes of sweating, headache, anxiety, pal-
pitation (phaeochromocytoma);
(e) episodes of muscle weakness and tetany
(aldosteronism).
3. Risk factors:
(a) family and personal history of hypertension
and cardiovascular disease;
(b) family and personal history of hyperlipidae-
mia;
(c) family and personal history of diabetes melli-
tus;
(d) smoking habits;
(e) dietary habits;
(f) obesity; amount of physical exercise;
(g) personality.
4. Symptoms of organ damage:
(a) brain and eyes: headache, vertigo, impaired
vision, transient ischaemic attacks, sensory or
motor deficit;
(b) heart: palpitation, chest pain, shortness of
breath, swollen ankles;
(c) kidney: thirst, polyuria, nocturia, haematuria;
(d) peripheral arteries: cold extremities, intermit-
tent claudication.
5. Previous antihypertensive therapy:
(a) drugs used, efficacy and adverse effects.
6. Personal, family and environmental factors.
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viding evidence of additional risk factors, searching for
secondary hypertension and assessing absence or pre-
sence of target organ damage. The minimum laboratory
investigations needed are a matter of debate. However,
it is agreed that investigations should progress from the
most simple to the more complicated. The younger the
patient, the higher the blood pressure and the faster
the development of hypertension, the more detailed
the diagnostic work-up will be.
In the rather uniform European context, where cardio-
vascular diseases are the primary cause of morbidity
and mortality, routine laboratory investigations should
include: blood chemistry for glucose (preferably fast-
ing), total cholesterol, high-density lipoprotein (HDL)-
cholesterol, triglycerides, urate, creatinine, sodium,
potassium, haemoglobin and haematocrit; urinalysis
(dipstick test complemented by urine sediment exam-
ination); and an electrocardiogram. Whenever fasting
plasma glucose is > 6.1 mmol/l (110 mg/dl), post-pran-
dial blood glucose should also be measured or a glucose
tolerance test performed [81,82]. A fasting plasma glu-
cose of 7.0 mmol/l (126 mg/dl) or a 2-h post-prandial
plasma glucose of 11 mmol/l (198 mg/dl) are now con-
sidered threshold values for diabetes mellitus [81,82].
Because of evidence supporting C-reactive protein use
in primary prevention [41], its measurement by the
now widely available high-sensitivity assays is recom-
mended, particularly in hypertensive patients with the
metabolic syndrome [42].
Searching for target organ damage
Due to the importance of target organ damage in
determining the overall cardiovascular risk of the
hypertensive patient (see Tables 2 and 3), evidence of
organ involvement should be sought carefully. Recent
studies have shown that without ultrasound cardio-
vascular investigations for left ventricular hypertrophy
and vascular (carotid) wall thickening or plaque, up to
50% of hypertensive subjects may be mistakenly classi-
fied as at low or moderate added risk, whereas presence
of cardiac or vascular damage places them within a
higher risk group [45]. Echocardiography and vascular
ultrasonography can therefore be considered as recom-
mended tests, particularly in patients in whom target
organ damage is not discovered by routine investiga-
tions including an electrocardiogram. Likewise, search-
ing for microalbuminuria is recommended, because of
the mounting evidence that it may be a sensitive
marker of organ damage, not only in diabetes but also
in hypertension.
Because of the importance of organ damage, not only in
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Box 5 Physical examination for secondary
hypertension and organ damage
Signs suggesting secondary hypertension and organ
damage
• Features of Cushing syndrome.
• Skin stigmata of neurofibromatosis (phaeochromo-
cytoma).
• Palpation of enlarged kidneys (polycistic kidney).
• Auscultation of abdominal murmurs (renovascular
hypertension).
• Auscultation of precordial or chest murmurs (aortic
coarctation or aortic disease).
• Diminished and delayed femoral and reduced
femoral blood pressure (aortic coarctation, aortic
disease).
Signs of organ damage
• Brain: murmurs over neck arteries, motor or
sensory defects.
• Retina: funduscopic abnormalities.
• Heart: location and characteristics of apical im-
pulse, abnormal cardiac rhythms, ventricular gal-
lop, pulmonary rales, dependent oedema.
• Peripheral arteries: absence, reduction, or asym-
metry of pulses, cold extremities, ischaemic skin
lesions.
Box 6 Laboratory investigations
Routine tests
• Plasma glucose (preferably fasting)
• Serum total cholesterol
• Serum high-density lipoprotein (HDL)-cholesterol
• Fasting serum triglycerides
• Serum uric acid
• Serum creatinine
• Serum potassium
• Haemoglobin and haematocrit
• Urinalysis (dipstick test complemented by urinary
sediment examination)
• Electrocardiogram
Recommended tests
• Echocardiogram
• Carotid (and femoral) ultrasound
• C-reactive protein
• Microalbuminuria (essential test in diabetics)
• Quantitative proteinuria (if dipstick test positive)
• Funduscopy (in severe hypertension)
Extended evaluation (domain of the specialist)
• Complicated hypertension: tests of cerebral, cardi-
ac and renal function
• Search for secondary hypertension: measurement
of renin, aldosterone, corticosteroids, catechola-
mines; arteriography; renal and adrenal ultrasound;
computer-assisted tomography (CAT); brain mag-
netic resonance imaging
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diagnosing cardiovascular risk but also in the follow-up
of patients, as well as in using additional endpoints for
assessing treatment outcomes, methods for evaluating
organ damage are mentioned in greater detail below.
Heart
Electrocardiography should be part of all routine assess-
ment of subjects with high blood pressure to detect
ischaemia, conduction defects and arrhythmias. Its
sensitivity in detecting left ventricular hypertrophy is
low but, none the less, positivity of the Sokolow–Lyons
index (SV1 + RV5–6 . 38 mm) or of the Cornell mod-
ified index (. 2440 mmms) has been shown to be an
independent predictor of cardiovascular events [83].
The Cornell voltage QRS duration product has been
used successfully in detecting patients with left ventri-
cular hypertrophy to be included in an intervention trial
[84]. Electrocardiography can be used also to detect
patterns of ventricular overload (‘strain’), known to
indicate more severe risk [83]. Echocardiography is
undoubtedly much more sensitive than electrocardio-
graphy in diagnosing left ventricular hypertrophy [85]
and predicting cardiovascular risk [86]. The availability
of echocardiography has increased in Europe, and when
treatment decisions are uncertain an echocardiographic
examination may help in more precisely classifying the
overall risk of the hypertensive patient and in directing
therapy [45]. The evaluation should include measure-
ments of interventricular septum and posterior wall
thicknesses and of end diastolic left ventricular dia-
meter, with calculation of left ventricular mass accord-
ing to available formulae [87]. Although the relation
between left ventricular mass index and cardiovascular
risk is continuous, the threshold of 125 g/m2 for men,
and 110 g/m2 for women, is most widely used for
conservative estimates of left ventricular hypertrophy.
Classification into concentric or eccentric hypertrophy,
and concentric remodelling by using the wall to radius
ratio (values .0.45 define concentric patterns) have
been shown also to have risk-predicting value [88].
Ultrasound methods for quantitatively evaluating the
fibrosis component accompanying hypertrophy (echore-
flectivity [89], back scattering [90]) have been de-
scribed, but, at present, are of research interest only. In
addition, echocardiography provides a means of asses-
sing left ventricular systolic function including midwall
fractional shortening, which has been proposed as a
reliable predictor of cardiovascular events [91,92].
Furthermore, left ventricular diastolic distensibility (so-
called diastolic function) can also be assessed by
Doppler measurement of the ratio between the E and
A waves of transmitral blood flow (and, more precisely,
by adding measurement of early diastolic relaxation
time and evaluating patterns of pulmonary vein outflow
into the left atrium) [93]. There is current interest in
whether patterns of so-called ‘diastolic dysfunction’ can
predict onset of dyspnoea and impaired effort tolerance
without evidence of systolic dysfunction, frequently
occurring in hypertension and in the elderly (so-called
‘diastolic heart failure’) [92]. Finally, echocardiography
can provide evidence of left ventricular wall contraction
defects due to ischaemia or previous infarction, and of
systolic dysfunction. Other diagnostic cardiac proce-
dures, such as nuclear magnetic resonance, cardiac
scintigraphy, exercise testing and coronary angiography
are reserved for specific indications (diagnosis of cor-
onary artery disease, cardiomyopathy, etc.). An X-ray of
the thorax may often represent a useful additional
diagnostic procedure, when information on large in-
trathoracic arteries or the pulmonary circulation is
required.
Blood vessels
Ultrasound examination of the carotid arteries with
measurement of the intima–media complex thickness
and detection of plaques [94] has repeatedly been
shown to predict occurrence of both stroke and myocar-
dial infarction [95–100]. A recent survey indicates that
it can usefully complement echocardiography in precise
risk stratification of hypertensive patients [45]. The
relation between carotid artery intima–media thickness
and cardiovascular events is continuous, but a threshold
> 0.9 mm can be taken as a conservative estimate of
significant alteration.
The increasing interest in systolic blood pressure and
pulse pressure as predictors of cardiovascular events
[101] (see above), stimulated by trial evidence of the
beneficial effects of lowering blood pressure in the
elderly and in isolated systolic hypertension, has stimu-
lated the development of techniques for measuring
large artery compliance. A large body of important
pathophysiological, pharmacological and therapeutic in-
formation has accumulated [102,103]. Two of these
techniques have further been developed for possible
use as diagnostic procedures, namely the pulse wave
velocity measurement [104] and the augmentation
index measurement device (Sphygmocor) [10,105].
Both are of interest, particularly in view of the claim
that aortic blood pressure (and therefore the pressure
exerted on the heart and brain) may be different from
that which is usually measured at the arm, may be
predictive of outcomes [104,106] and may be differently
affected by different antihypertensive drugs. However,
both techniques need to be tested further in prospec-
tive trials in order to establish their predictive value.
Finally, there has been widespread interest in endo-
thelial dysfunction or damage as an early marker of
cardiovascular damage [107,108]. Although these inves-
tigations have also caused considerable advances in our
understanding of hypertension and its consequences,
evidence that isolated endothelial dysfunction has a
predictive value in hypertension is still rather scanty
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[109]. Furthermore, the techniques used so far for
investigating endothelial responsiveness to various sti-
muli are either invasive or too laborious and time
consuming for use in the clinical evaluation of the
hypertensive patient. However, current studies on
circulating markers of endothelial activity, dysfunction
or damage (NO and its metabolites, endothelins, cyto-
kines, adhesion molecules, endothelins, etc.) may soon
provide simpler tests of endothelial dysfunction and
damage to be investigated prospectively and possibly
used clinically [110], as is already occurring with C-
reactive protein [41].
Kidney
The diagnosis of hypertension-induced renal damage is
based on the finding of an elevated value of serum
creatinine, of a decreased (measured or estimated)
creatinine clearance, or the detection of an elevated
urinary excretion of albumin below (microalbuminuria)
or above (macroalbuminuria) the limit of the usual
laboratory methods to detect proteinuria. The presence
of mild renal insufficiency has been defined recently as
serum creatinine values equal to or above 133 mol/l
(1.5 mg/dl) in men and 124 mol/l (1.4 mg/dl) in women
[111,112], or by the finding of estimated creatinine
clearance values below 60–70 ml/min [40]. An estimate
of creatinine clearance in the absence of 24-h urine
collection can be obtained based on prediction equa-
tions corrected for age, gender and body size [112]. A
slight increase in serum creatinine and urate may some-
times occur when antihypertensive therapy is instituted
or intensified, but this should not be taken as a sign of
progressive renal deterioration. Hyperuricaemia [de-
fined as a serum urate level in excess of 416 mol/l
(7 mg/dl)] is frequently seen in untreated hypertensives
and has also been shown to correlate with the existence
of nephrosclerosis [113].
While an elevated serum creatinine concentration
points to a reduced rate of glomerular filtration, an
increased rate of albumin or protein excretion points to
a derangement in the glomerular filtration barrier [114].
Microalbuminuria has been shown to predict the
development of overt diabetic nephropathy in both
type 1 and type 2 diabetics [115], while the presence of
proteinuria generally indicates the existence of estab-
lished renal parenchymatous damage [114]. In non-
diabetic hypertensive patients microalbuminuria, even
below the current threshold values [116], has been
shown to predict cardiovascular events [117–119], and a
continuous relation between urinary albumin excretion
and cardiovascular, as well as non-cardiovascular, mor-
tality has recently been found in a general population
study [120].
The finding of a deranged renal function in a hyper-
tensive patient, expressed by any of the above para-
meters, is frequent and constitutes a very potent
predictor of future cardiovascular events and death
[39,40,121,122]. Therefore, it is recommended that
serum creatinine (and possibly also estimated creatinine
clearance calculated on the basis of age, gender and
body size) [112], serum urate and urinary protein (by
dipstick) be measured in all hypertensive patients.
Microalbuminuria should be measured in all diabetic
patients and, whenever possible, in non-diabetic hyper-
tensives (dipstick-negative patients) by a validated
laboratory method on urine samples collected during
the night, and preferably related to creatinine excretion
(age-adjusted albumin to creatinine ratio) [115,123].
Funduscopy
In contrast to the 1930s, when the Keith Wagener and
Baker classification of hypertensive eye ground changes
in four grades [124] was formulated, nowadays most
hypertensive patients present early, and haemorrhages,
exudates (grade 3) and papilloedema (grade 4) are very
rarely observed. Grades 1 and 2 arteriolar changes are
often noted, but no evidence is available that these
have a significant prognostic value. A recent evaluation
of 800 hypertensive patients attending a hypertension
outpatient clinic [43] showed that the prevalence of
grades 1 and 2 retinal changes was as high as 78% (in
contrast to prevalences of 43% for carotid plaques, 22%
for left ventricular hypertrophy and 14% for microalbu-
minuria). Therefore, it is doubtful whether grades 1
and 2 retinal changes can be used as evidence of target
organ damage to stratify global cardiovascular risk,
whereas grades 3 and 4 are certainly markers of severe
hypertensive complications. More selective methods for
investigating ocular damage in hypertension are being
developed, but remain research applications [125].
Brain
In patients who have suffered a stroke, imaging techni-
ques nowadays allow improved diagnosis of the exis-
tence, nature and location of a lesion [126]. Cranial
computed tomography (CT) is the standard procedure
for diagnosis of a stroke but, except for prompt recogni-
tion of an intracranial haemorrhage, CT is progressively
being replaced by magnetic resonance imaging (MRI)
techniques. Diffusion-weighted MRI can identify
ischaemic injury within minutes of arterial occlusion.
Furthermore MRI, particularly in fluid-attenuated in-
version recovery (FLAIR) sequences, is much superior
to CT in identifying silent brain infarctions, the large
majority of which are small and deep (so-called lacunar
infarcts). In two population-based studies, the Cardio-
vascular Health Study [127] and the Atherosclerosis
Risk in Community Study [128], MRI investigation
detected silent brain infarcts larger than 3 mm in
diameter in 28 and 11% of the subjects, respectively.
Despite the clinical relevance of these observations,
the limited availability, the time-consuming nature and
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the cost of MRI do not yet allow its widespread use in
the diagnostic evaluation of elderly hypertensives, but
more liberal application may be acceptable in all hyper-
tensives reporting neural disturbances, and particularly
memory loss. Finally, as cognition disturbances in the
elderly are, at least in part, hypertension-related
[129,130], suitable cognition evaluation tests should
more often be used in the clinical assessment of the
elderly hypertensive.
Screening for secondary forms of hypertension
A specific cause of blood pressure elevation can be
identified in a minority (from less than 5 to 10%) of
adult patients with hypertension. Simple screening for
secondary forms of hypertension can be obtained from
clinical history, physical examination and routine la-
boratory investigations (Boxes 4–6). Furthermore, a
secondary form of hypertension is suggested by a
severe blood pressure elevation, sudden onset of hyper-
tension and blood pressure responding poorly to drug
therapy. In these cases, specific diagnostic procedures
may become necessary, as outlined below.
Renal parenchymal hypertension
Renal parenchymal disease is the most common cause
of secondary hypertension. The finding of bilateral
upper abdominal masses at physical examination is
consistent with polycystic kidney disease and should
lead to an abdominal ultrasound examination. Renal
ultrasound has now almost completely replaced intra-
venous urography in the anatomical exploration of the
kidney. While the latter requires the injection of
potentially nephrotoxic contrast medium, ultrasound is
non-invasive and provides all the necessary anatomic
data about kidney size and shape, cortical thickness,
urinary tract obstruction and renal masses [131]. Asses-
sing the presence of protein, erythrocytes and leuco-
cytes in the urine, as well as measuring serum
creatinine concentration, are the appropriate functional
screening tests for renal parenchymal disease [132,133].
These tests should be performed in all patients with
hypertension. Renal parenchymal disease may be ex-
cluded if urinalysis and serum creatinine concentration
are normal on repeated determinations. The presence
of erythrocytes and leucocytes should be confirmed by
microscopic examination of the urine. If the screening
tests for renal parenchymal hypertension are positive, a
detailed work-up for kidney disease should ensue.
Renovascular hypertension
Renovascular hypertension is the second most common
cause of secondary hypertension. In about 75% of the
patients, the renal artery stenosis is caused by athero-
sclerosis (particularly in the elderly population). Fibro-
muscular dysplasia accounts for up to 25% of total cases
(and is the most common variety in young adults).
Signs of renal artery stenosis are an abdominal bruit
with lateralization, hypokalaemia, polyglobulia, and
progressive decline in renal function. However, these
signs are not present in many patients with renovascu-
lar hypertension. An abdominal bruit, for instance, is
heard in only about 40% of the patients with renal
artery stenosis. Determination of the longitudinal dia-
meter of the kidney using ultrasound can be used as a
screening procedure. However, a difference of more
than 1.5 cm in length between the two kidneys – which
is usually considered as being diagnostic for renal artery
stenosis – is only found in about 60–70% of the
patients with renovascular hypertension. Colour Dop-
pler sonography with calculation of peak systolic velo-
city and resistance indices in the renal artery is able to
detect stenoses of the renal artery, particularly those
localized close to the origin of the vessel [134]. In
experienced hands, the technique has high sensitivity
and specificity, but the procedure is highly observer-
dependent [135]. There is evidence that investigations
of the renal vasculature by breath-hold three-dimen-
sional, gadolinium-enhanced magnetic resonance angio-
graphy may become the diagnostic procedure of choice
for renovascular hypertension in the future [136]. Some
authors report that the sensitivity of this method is over
95% [137]. Another imaging procedure with similar
sensitivity is spiral computed tomography, which re-
quires the application of iodine-containing contrast
media and the use of relatively high X-ray doses. Once
there is a strong suspicion of renal artery stenosis, intra-
arterial digital subtraction angiography should be per-
formed for confirmation. This invasive procedure is still
the gold standard for the detection of renal artery
stenosis. The determination of the renal vein renin
ratio requires catheterization of both renal veins and
simultaneous sampling from each renal vein and from
the inferior vena cava. Despite some claims to the
contrary, this test has not achieved acceptable sensitiv-
ity or specificity and cannot be recommended as a
screening procedure. There are more data supporting
its value to assess the functional significance of a renal
artery stenosis noted on arteriography, but the matter is
still controversial [127].
Phaeochromocytoma
Phaeochromocytoma is a very rare form of secondary
hypertension. The determination of catecholamines
(noradrenaline and adrenaline) as well as of metane-
phrines in several 24-h urine samples is a reliable
method for detection of the disease. The sensitivity of
the method is well above 95%. In most patients with
phaeochromocytoma, the excretion of noradrenaline,
adrenaline, normetanephrine and metanephrine is so
elevated that no further confirmation is required [138].
If the urinary excretion of catecholamines and their
metabolites is only marginally increased, or normal,
despite a strong clinical suspicion of phaeochromocyto-
ma, the glucagon stimulation test can be applied. This
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test requires the measurement of catecholamines in
plasma and should be performed after the patient has
been effectively treated with an Æ-blocker. This pre-
treatment prevents marked blood pressure rises after
the injection of glucagon. The clonidine suppression
test also requires the determination of plasma catecho-
lamines. This test is used to identify patients with
essential hypertension with increased activity of the
sympathetic nervous system causing slight elevations of
the excretion of catecholamines and their metabolites
in urine [139]. Once the diagnosis of phaeochromocyto-
ma has been established, localization of the tumour is
necessary. As phaeochromocytomas are often big and
localized in or in close proximity of the adrenal glands,
they are often detected by ultrasound. A more sensitive
imaging procedure is computer tomography. The meta-
iodobenzylguanidine (MIBG) scan is useful in localiz-
ing extra-adrenal phaeochromocytomas and metastases
of the 10% of phaeochromocytomas that are malignant.
Primary aldosteronism
The determination of serum potassium levels is consid-
ered to be a screening test for the disease. However,
only about 80% of the patients have hypokalaemia in
an early phase [140], and some authorities maintain that
hypokalaemia may even be absent in severe cases
[141]. Particularly in patients with bilateral adrenal
hyperplasia, serum potassium levels may be normal or
only slightly decreased [142]. The diagnosis is con-
firmed [after withdrawal of drugs influencing renin,
such as -blockers, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor antagonists and
diuretics] by a low plasma renin activity (, 1 ng/ml per
hour) and elevated plasma aldosterone levels. A plasma
aldosterone (ng/dl) : plasma renin activity (ng/ml per
hour) .50 is highly suggestive of primary aldosteronism
[142]. The diagnosis of primary aldosteronism is con-
firmed by the fludrocortisone suppression test: in the
presence of primary aldosteronism 4-day administration
of fludrocortisone further suppresses plasma renin activ-
ity without suppressing plasma aldosterone below a
threshold value (5 ng/dl) [143]. Imaging procedures
such as computer tomography and magnetic resonance
imaging are used to localize an aldosterone-producing
tumour, but adrenal morphology correlates poorly with
function, and adrenal venous sampling, although inva-
sive and difficult to perform, is considered by some
investigators as a more reliable procedure [141,144].
Cushing’s syndrome
Hypertension is a very common finding in Cushing’s
syndrome, affecting about 80% of such patients. The
syndrome is often suggested by the typical body
habitus of the patient. The determination of 24-h
urinary cortisol excretion is the most practical and
reliable index of cortisol secretion, and a value exceed-
ing 110 nmol (40 g) is highly suggestive of the syn-
drome. The diagnosis is confirmed by the 2-day,
low-dose dexamethasone suppression test (0.5 mg every
6 h for eight doses) or the overnight dexamethasone
suppression test (1 mg at 2300 h). In the 2-day test,
urinary cortisol excretion higher than 27 nmol (10 g)
per day on day two indicates Cushing’s syndrome. The
same is true if plasma cortisol concentration is greater
than 140 nmol/l (5 g/dl) at 0800 h in the overnight test.
A normal result in either of the two suppression tests
excludes the possibility of Cushing’s syndrome [145].
Further tests and imaging procedures have to be used
to differentiate the various forms of the syndrome [146].
Coarctation of the aorta
Coarctation of the aorta is a rare form of hypertension
in children and young adults. The diagnosis is usually
evident from physical examination. A midsystolic mur-
mur, which may become continuous with time, is heard
over the anterior part of the chest and also over the
back. The femoral pulse is delayed relative to the radial
pulse. Hypertension is found in the upper extremities
concomitantly with low or unmeasurable pressures in
the legs.
Drug-induced hypertension
Substances or drugs that can raise blood pressure
include: liquorice, oral contraceptives, steroids, non-
steroidal anti-inflammatory drugs, cocaine and ampheta-
mines, erythropoietin, cyclosporins. The patient should
be asked specifically at the time clinical history is
taken, and the use of drugs that can raise blood
pressure, when necessary, should be monitored care-
fully.
Genetic analysis
Genetic analysis has not yet a clear role to play in the
routine assessment of people with hypertension.
Although there is often a family history of high blood
pressure in hypertensive patients, suggesting that in-
heritance contributes to the pathogenesis of this
disorder, the most common form of hypertension –
essential hypertension – has a highly heterogeneous
character, which points to a multifactorial aetiology and
polygenic abnormalities [147,148]. Variants in some
genes might render an individual more or less sensitive
to a given factor in the environment [149] or to drugs
[150]. A number of mutations in the genes encoding for
major blood pressure controlling systems (such as
angiotensin-converting enzyme, angiotensinogen, an-
giotensin II receptor, Æ-adducin and the amiloride-
sensitive epithelial sodium channel [ENaC]) have been
recognized in humans, but their exact role in the
pathogenesis of essential hypertension is still unclear
[147,148]. The search for candidate gene mutations in
the individual hypertensive is therefore not useful at
present. In rarer monogenic forms of inherited hyper-
tension, genetic analysis can be useful to confirm or
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exclude specific diagnoses. Monogenic forms of hyper-
tension are the Liddle’s syndrome, caused by activating
mutations of the ENaC [151]; the apparent mineralo-
corticoid excess syndrome due to inactivating mutations
in the gene coding for the enzyme 11-hydroxysteroid
dehydrogenase type 2 (the enzyme which converts
cortisol to cortisone), leading to an enhanced stimula-
tion of the mineralocorticoid receptor by cortisol [152];
and the glucocorticoid remediable aldosteronism, which
results from the presence in the adrenal zona glomer-
ulosa of a hybrid gene encoding both aldosterone
synthase and 11-hydroxylase and, because the 11-
hydroxylase activity depends on ACTH, from enhanced
aldosterone synthesis [153].
Therapeutic approach
When to initiate antihypertensive treatment
Guidelines for initiating antihypertensive treatment are
based on two criteria: (1) the total level of cardio-
vascular risk, as indicated in Table 2; and (2) the level
of systolic and diastolic blood pressure (Table 1). The
total level of cardiovascular risk is the main indication
for intervention, but lower or higher blood pressure
values are also less or more stringent indicators for
blood-pressure-lowering intervention. With respect to
previous guidelines of the European Societies [3,4] or
the WHO/ISH [2], the recommendations summarized
in Figure 1 are no longer limited to patients with grades
1 and 2 hypertension, but also extend to subjects with
high normal blood pressure. They also describe in
greater detail how to deal with patients with grade 3
hypertension.
Consideration of subjects with systolic blood pressure
130–139 mmHg and diastolic blood pressure 85–
89 mmHg for possible initiation of antihypertensive
treatment is based on the following recent evidence:
1. The PROGRESS study [154] has shown that pa-
tients with previous stroke or transient ischaemic
attack and blood pressures , 140/90 mmHg, if left
untreated (placebo), have an incidence of cardio-
vascular events of about 17% in 4 years (very high
risk according to the guidelines), and their risk is
decreased by 24% by blood pressure lowering.
2. Similar observations have been made in the HOPE
study [155] for ‘normotensive’ patients with high
coronary risk.
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Very high
Begin drug
treatment
High
Begin drug
treatment
Moderate
Monitor BP
frequently
Low
No BP
intervention
Very high
Begin drug
treatment
promptly
High
Begin drug
treatment
promptly
Moderate
Monitor BP
and other
risk factors for
at least 3 months
Low
Monitor BP
and other
risk factors for
3–12 months
SBP  140 or
DBP  90
mmHg
Begin drug
treatment
SBP  140 and
DBP  90
mmHg
Continue
to monitor
SBP  140–159 or
DBP  90–99
mmHg
Consider drug
treatment and
elicit patient’s
preference
SBP  140 and
DBP  90
mmHg
Continue
to monitor
B
SBP 140–179 or DBP 90–109 mmHg
on several occasions
(Grades 1 and 2 hypertension)
Assess other risk factors,
TOD, diabetes, ACC
Initiate lifestyle measures and correction
of other risk factors or disease
Stratify absolute risk (see Table 2)
C
SBP  180 or DBP  110 mmHg
on repeated measurements within a few days
(Grade 3 hypertension)
Begin drug treatment immediately
Assess other risk factors,
TOD, diabetes, ACC
Add lifestyle measures and correction of
other risk factors or diseases
A
SBP 130–139 or DBP 85–89 mmHg
on several occasions
(High normal BP)
Assess other risk factors,
TOD (particularly renal), diabetes, ACC
Initiate lifestyle measures and correction
of other risk factors or disease
Stratify absolute risk (see Table 2)
Fig. 1
Initiation of antihypertensive treatment. Decision based on initial blood pressure levels (A, B, C) and total risk level. BP, blood pressure; SBP,
systolic blood pressure; DBP, diastolic blood pressure; TOD, target organ damage; ACC, associated clinical conditions.
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3. The ABCD-Normotensive trial [156] has shown that
type 2 diabetic patients with blood pressures , 140/
90 mmHg may also benefit by more aggressive blood
pressure lowering, at least for stroke prevention and
progression of proteinuria.
4. The Framingham Heart Study [157] has shown that
male subjects with high normal blood pressure have
a 10-year cardiovascular disease incidence of 10%,
i.e. in the range that these guidelines classify as low
added risk.
Because the evidence of blood-pressure-lowering bene-
fits in patients with high normal blood pressures is so
far limited to subjects with stroke [154], coronary artery
disease [155] and diabetes [156], antihypertensive treat-
ment within this blood pressure range can only be
recommended for patients at least at high risk. Close
monitoring of blood pressure and no blood pressure
intervention is recommended for patients at moderate
or low total risk, who are considered to benefit mostly
from lifestyle measures and correction of other risk
factors (e.g. smoking).
In patients with grade 1 and 2 hypertension, previous
guidelines [2] are reconfirmed, with the recommenda-
tion to check blood pressure values on several occa-
sions, initiate lifestyle measures and stratify absolute
risk. Antihypertensive drug treatment should be in-
itiated promptly in subjects classified as at high or very
high risk, whereas in subjects at moderate or low added
risk blood pressure, as well as other cardiovascular risk
factors, should be monitored for extended periods (at
least 3 months) with only non-pharmacological treat-
ment. If after extended observation, systolic values >
140 or diastolic values > 90 mmHg persist, antihyper-
tensive drug treatment should be initiated in patients
at moderate risk, and considered in patients at lower
risk (whose blood pressure by definition, is in the grade
1 range, see Table 2). In the latter group of patients,
rather than using a higher blood pressure threshold
(systolic > 150 or diastolic > 95 mmHg) for interven-
tion [2–4], it is suggested that patient preferences and/
or resource issues influence treatment decisions.
Lowering blood pressure in grade 1 and 2 hypertensives
at low or moderate added risk is less cost effective
immediately, but the patient should be informed that
several trials of antihypertensive therapy, particularly
the HDFP [158] and the HOT study [159], have shown
that, despite intensive blood pressure lowering, residual
cardiovascular risk remains higher in patients with
initial higher cardiovascular risk than in patients with
initial moderate risk. This suggests that some of the
major cardiovascular changes may be difficult to re-
verse, and that restricting antihypertensive therapy to
patients at high or very high risk, although cost saving
for health providers, may be less than optimal for the
patient.
Figure 1 also includes recommendations about initia-
tion of treatment in patients with grade 3 hypertension.
In these subjects confirmation of elevated blood pres-
sure values should be obtained within a few days, and
treatment instituted quickly, without the preliminary
need of establishing the absolute risk (high even in
absence of other risk factors). Complete assessment of
other risk factors, target organ damage or associated
disease can be carried out after treatment has been
started, and lifestyle measures can be recommended at
the same time as initiation of drug therapy.
Goals of treatment
The primary goal of treatment of the hypertensive
patient is to achieve the maximum reduction in the
long-term total risk of cardiovascular morbidity and
mortality. This requires treatment of all the reversible
risk factors identified, including smoking, dyslipidaemia
or diabetes, and the appropriate management of asso-
ciated clinical conditions, as well as treatment of the
raised blood pressure per se.
For target blood pressure, more evidence is available
for diastolic than for systolic blood pressure. Rando-
mized trials comparing less with more intensive treat-
ment are few (HOT [160], UKPDS [161], ABCD-HT
[162], ABCD-NT [156]), and most are limited to
diabetic patients, so that the meta-analysis of these
trials, although suggesting greater benefits of more
intensive blood pressure lowering [163], does not
indicate whether this also applies to non-diabetic
individuals. The only trial not exclusively involving
diabetics is the HOT study [160], which, because of
the small diastolic blood pressure differences achieved
(2 mmHg) between adjacent blood pressure target
groups (randomized to <90, <85 or <80 mmHg), was
unable to detect significant differences in the risk of
cardiovascular events (except for myocardial infarction)
between these blood pressure target groups. However,
the results of the HOT study have confirmed that there
is no increase in cardiovascular risk in the patients
randomized to the lowest target group (mean achieved
diastolic blood pressure values 81 mmHg). Although
subgroup analyses have obvious limitations, a recent
subgroup analysis of the HOT study [164] suggests that
a J-shaped curve may exist for current smokers only.
Once smokers were excluded, reduction of diastolic
blood pressure to an average of 82 rather than 85
mmHg significantly reduced major cardiovascular
events not only in diabetics, but in patients at high/very
high risk (50% of HOT study patients), as well as in
patients with previous ischaemic heart disease, in pa-
tients older than 65 years and in women. In patients
with a history of stroke or transient ischaemic attack
the PROGRESS trial [154] showed cardiovascular mor-
tality and morbidity benefits by reducing diastolic
blood pressure to 79 mmHg (active treatment group)
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rather than 83 mmHg (placebo group), and in patients
with coronary disease the HOPE study [155] also made
similar observations, although the role of blood pressure
reduction in this trial has been debated.
For systolic blood pressure, most of the trials have been
unable to achieve average values below 140 mmHg
[165]. However, in the subgroup analysis of the HOT
study that showed benefits of reducing diastolic values
to 82 rather than 85 mmHg, achieved systolic blood
pressure averaged between 142–145 and 145–
148 mmHg, respectively [164]. In PROGRESS [154]
benefits were shown for systolic blood pressure values
of 132 versus 141 mmHg, and in HOPE [155] of 140
versus 142 mmHg. Finally, if the slightly greater reduc-
tion in strokes recently reported in the ALLHAT study
by using chlorthalidone versus doxazosin [166], or
chlorthalidone versus lisinopril [167] are mostly due to
systolic blood pressure differences, the ALLHAT data
suggest that systolic values of 134 mmHg may be safer
than values of 136 mmHg.
In diabetic patients, a recent review of more- or less-
intensive blood-pressure-lowering trials [168] has shown
that a reduction of cardiovascular morbidity in more
intensively treated diabetics was associated with systo-
lic/diastolic blood pressure values of 144/82 mmHg in
UKPDS [161], 144/81 mmHg in HOT [160,164] and
140/77 mmHg in MICROHOPE [169]. Therefore, dia-
stolic values between 77 and 82 mmHg could be
achieved and were shown to be beneficial. However, in
most positive trials systolic values remained higher than
140 mmHg. Only the two ABCD studies were able to
achieve low blood pressure values (132/78 mmHg in
ABCD-HT, [162], and 128/75 mmHg in ABCD-NT,
[156]), but in both studies benefits of more intensive
treatment on cardiovascular disease are not impressive
(significant reduction only in total mortality in ABCD-
HT [162], and in stroke in ABCD-NT [156]). Finally, a
prospective observational study within the UKPDS
programme [170] has found a significant relation be-
tween follow-up systolic blood pressure and incidence
of macro- and microvascular complications in diabetic
patients, with a continuous increment of complications
for values . 120 mmHg.
In patients with non-diabetic renal disease, data about
the effects of more- or less-intensive blood pressure
lowering on cardiovascular events are scant: the HOT
study was unable to find any significant reduction in
cardiovascular events in the subset of patients with
plasma creatinine . 115 mol/l (.1.3 mg/dl) [164] or
.133 mol/l (.1.5 mg/dl) [40] when subjected to more-
versus less-intensive blood pressure lowering (139/82
versus 143/85 mmHg). However, none of these trials
suggests an increased cardiovascular risk at the lowest
blood pressure achieved.
In conclusion, on the basis of current evidence from
trials, it can be recommended that blood pressure, both
systolic and diastolic, be lowered intensively to at least
below 140/90 mmHg and to lower values if tolerated, in
all hypertensive patients, and to below 130/80 mmHg
in diabetics (see below). The goal to be achieved, as
well as the achievable goal, may depend on the pre-
existing blood pressure level, particularly systolic va-
lues, and systolic values below 140 mmHg may be
difficult to achieve, particularly in the elderly. The
blood pressure goals indicated should not be taken as
less rigorous than those in previous guidelines [2], but
as a more flexible recommendation, rendering doctors
more directly responsible for decision making in indivi-
dual cases.
When home or ambulatory blood pressure measure-
ments are used to evaluate the efficacy of treatment, it
must be remembered that values provided by these
methods (compared with office measurement) are on
average at least 5–15 mmHg lower for systolic and 5–
10 mmHg lower for diastolic blood pressure, although
these differences are normally greater when office
blood pressure is high, and tend to become smaller at
lower office blood pressure values, such as those
recommended as treatment goals [65].
Lifestyle changes
Lifestyle measures should be instituted whenever ap-
propriate in all patients, including subjects with high
normal blood pressure and patients who require drug
treatment. The purpose is to lower blood pressure and
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Box 7 Position statement: Goals of
treatment
• The primary goal of treatment of the patient with
high blood pressure is to achieve the maximum
reduction in the long-term total risk of cardio-
vascular morbidity and mortality. This requires
treatment of all the reversible risk factors identi-
fied, including smoking, dyslipidaemia or diabetes,
and the appropriate management of associated
clinical conditions, as well as treatment of the
raised blood pressure per se.
• On the basis of current evidence from trials, it can
be recommended that blood pressure, both systolic
and diastolic, be intensively lowered at least below
140/90 mmHg and to definitely lower values, if
tolerated, in all hypertensive patients, and below
130/80 mmHg in diabetics, keeping in mind, how-
ever, that systolic values below 140 mmHg may be
difficult to achieve, particularly in the elderly.
1026 Journal of Hypertension 2003, Vol 21 No 6
to control other risk factors and clinical conditions
present. The lifestyle measures that are widely agreed
to lower blood pressure or cardiovascular risk, and that
should be considered in all patients, are: (1) smoking
cessation; (2) weight reduction; (3) reduction of exces-
sive alcohol intake; (4) physical exercise; (5) reduction
of salt intake; and (6) increase in fruit and vegetable
intake and decrease in saturated and total fat intake.
Healthy eating should always be promoted. However,
lifestyle measures have not been shown to prevent
cardiovascular complications in hypertensive patients,
and should never delay unnecessarily the initiation of
drug treatment, especially in patients at higher levels of
risk, or detract from compliance with drug treatment.
Smoking cessation
Smoking cessation is probably the single most powerful
lifestyle measure for the prevention of non-cardio-
vascular and cardiovascular diseases, including stroke
and coronary heart disease [171]. Those who quit
before middle age typically have a life expectancy that
is not different to that of lifelong non-smokers.
Although any independent chronic effect of smoking
on blood pressure is small [172] and smoking cessation
does not lower blood pressure [173], total cardiovascular
risk is greatly increased by smoking [171]. Therefore,
hypertensives who smoke should be counselled on
smoking cessation. In addition, data suggest that smok-
ing may interfere with the beneficial effects of some
antihypertensive agents, such as -blockers [174,175],
or may prevent the benefits of more intensive blood
pressure lowering [164]. Where necessary, nicotine
replacement [176,177] or buspirone therapy [177,178]
should be considered since they appear to be safe in
hypertension and to facilitate smoking cessation.
Moderation of alcohol consumption
There is a linear relationship between alcohol con-
sumption, blood pressure levels and the prevalence of
hypertension in populations [179]. Beyond that, high
levels of alcohol consumption are associated with a high
risk of stroke [180]; this is particularly so for binge
drinking. Alcohol attenuates the effects of antihyper-
tensive drug therapy, but this effect is at least partially
reversible within 1–2 weeks by moderation of drinking
by around 80% [181]. Heavier drinkers (five or more
standard drinks per day) may experience a rise in blood
pressure after acute alcohol withdrawal, and are more
likely to be diagnosed as hypertensive at the beginning
of the week if they have a weekend drinking pattern.
Accordingly, hypertensive patients who drink alcohol
should be advised to limit their consumption to no
more than 20–30 g ethanol/day for men, and no more
than 10–20 g ethanol/day for women. They should be
warned against the increased risk of stroke associated
with binge drinking.
Weight reduction and physical exercise
Excess body fat predisposes to raised blood pressure
and hypertension [182]. Weight reduction reduces
blood pressure in overweight patients and has beneficial
effects on associated risk factors such as insulin resis-
tance, diabetes, hyperlipidaemia and left ventricular
hypertrophy. The blood-pressure-lowering effect of
weight reduction may be enhanced by a simultaneous
increase in physical exercise [183], by alcohol modera-
tion in overweight drinkers [184] and by reduction in
sodium intake [185]. Physical fitness is a rather strong
predictor of cardiovascular mortality independent of
blood pressure and other risk factors [186]. Thus,
sedentary patients should be advised to take up modest
levels of aerobic exercise on a regular basis, such as
walking, jogging or swimming for 30–45 min, three to
four times a week [187]. The extent of the pretraining
evaluation will depend on the extent of the exercise
programme and on the patient’s symptoms, signs, over-
all cardiovascular risk and associated clinical conditions.
Even mild exercise may lower systolic blood pressure
by about 4–8 mmHg [188–190]. However, isometric
exercise such as heavy weight-lifting can have a pressor
effect and should be avoided. If hypertension is poorly
controlled, and always in severe hypertension, heavy
physical exercise should be discouraged or postponed
until appropriate drug treatment has been instituted
and found to be effective.
Reduction of high salt intake and other dietary changes
Epidemiological studies suggest that dietary salt intake
is a contributor to blood pressure elevation and to the
prevalence of hypertension [191]. The effect appears to
be enhanced by a low dietary intake of potassium-
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Box 8 Position statement: Lifestyle
changes
• Lifestyle measures should be instituted whenever
appropriate in all patients, including subjects with
high normal blood pressure and patients who
require drug treatment. The purpose is to lower
blood pressure and to control other risk factors and
clinical conditions present.
• The lifestyle measures that are widely agreed to
lower blood pressure or cardiovascular risk, and
that should be considered, are:
– smoking cessation;
– weight reduction;
– reduction of excessive alcohol intake;
– physical exercise;
– reduction of salt intake;
– increase in fruit and vegetable intake and
decrease in saturated and total fat intake.
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containing foods. Randomized controlled trials in
hypertensive patients indicate that reducing sodium
intake by 80–100 mmol (4.7–5.8 g) per day from an
initial intake of around 180 mmol (10.5 g) per day will
reduce blood pressure by an average of 4–6 mmHg
[192] or even more if combined with other dietary
counselling [193], and enhance the blood-pressure-
lowering effect of medication. Patients should be
advised to avoid added salt, to avoid obviously salted
food, particularly processed foods, and to eat more
meals cooked directly from natural ingredients contain-
ing more potassium. Counselling by trained dieticians
may be useful. Hypertensive patients should also be
advised to eat more fruit and vegetables [194], to eat
more fish [195] and to reduce their intake of saturated
fat and cholesterol. The recent DASH study has shown
that such diet may influence other cardiovascular risk
factors beneficially and lower blood pressure [196].
Pharmacological therapy
Introduction
Recommendations about pharmacological therapy are
preceded by analysis of the available evidence (as
provided by large randomized trials based on fatal and
non-fatal events) of the benefits obtained by antihyper-
tensive therapy and of the comparative benefits ob-
tained by the various classes of agents. This is the
strongest type of evidence available. However, it is
commonly recognized that event-based randomized
therapeutic trials have some limitations. These include
the special selection criteria of the subjects randomized;
the frequent selection of high-risk patients in order to
increase the power of the trial, so that the vast majority
of uncomplicated and lower risk hypertensives are
rarely represented. The therapeutic programmes used
often diverge from usual therapeutic practice; stringent
follow-up procedures enforce patients’ compliance well
beyond that obtained in common medical practice.
Perhaps the most important limitation is the necessarily
short duration of a controlled trial (in most cases 4–5
years), whereas additional life expectancy, and hence
expectancy of therapeutic duration, for a middle-aged
hypertensive is 20–30 years [34,197]. Long-term ther-
apeutic benefits, and long-term differences between
benefits of various drug classes may also be evaluated
by using intermediate endpoints (i.e. subclinical organ
damage changes). These evaluations do not provide the
same weight of evidence as ‘hard’ endpoints, such as
fatal and non-fatal myocardial infarction or stroke, and
cardiovascular or all-cause mortality, but several of the
recent event-based trials have also used ‘softer’ end-
points, such as congestive heart failure (certainly clini-
cally relevant, but often based on subjective diagnosis),
hospitalization, angina pectoris and coronary revascular-
ization (the latter highly subjected to local clinical
habits and facilities), etc. Admittedly, evidence that
regression or retardation of subclinical organ damage is
associated with a reduction of cardiovascular events is
largely indirect, but a large body of evidence is avail-
able that some of these alterations have predictive
value of subsequent fatal and non-fatal events (see
above). Therefore, evidence from the major rando-
mized studies on intermediate endpoints has been
summarized. Treatment-induced alterations of meta-
bolic parameters, such as serum LDL- or HDL-choles-
terol, serum potassium, glucose tolerance, induction or
worsening of the metabolic syndrome or diabetes,
although they can hardly be expected to increase
cardiovascular event incidence during the short term of
a trial, may have an impact during the longer course of
the patient’s life, and for this reason they are taken into
account when assessing total cardiovascular risk.
Trials based on mortality and morbidity endpoints
comparing active treatment with placebo
Most of these outcome trials have been subjected to
meta-analyses, either to arrive at more precise and
generalizable conclusions, or to answer questions on
subgroups, which could not be addressed in individual
studies [198]. Table 6 summarizes the results of meta-
analyses of trials performed in mostly systolic–diastolic
hypertension [5,199] and in elderly patients with iso-
lated systolic hypertension [200]. Antihypertensive
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Box 9 Position statement: Values and
limitations of event-based clinical
randomized trials
Values
• Randomization is the safest procedure to avoid
bias.
• Large number of patients guarantees power to
detect differences in primary endpoint.
• Most events used as endpoints are well-defined
events of clinical relevance.
Limitations
• Selection of patients (most often patients at
elevated cardiovascular risk): extrapolation to pa-
tients at a different risk level is doubtful.
• Most trials are not powered for secondary end-
points.
• Therapeutic programmes in trials often diverge
from those followed in clinical practice.
• Compliance of patients in trials is much higher
than in clinical practice.
• Controlled randomized trials last for 4–5 years,
whereas life expectation in middle-aged hyper-
tensives is of 20–30 years.
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treatment resulted in significant and similar reductions
of cardiovascular and all-cause mortality in both types
of hypertension. With regard to cause-specific mortality,
Collins et al. [5] observed a significant reduction in fatal
stroke (45%; P , 0.001), but not in fatal coronary
heart disease (11%; NS). This could be related to age
because coronary mortality was significantly reduced by
26% (P , 0.01) in a meta-analysis on elderly with
systolic–diastolic hypertension [201]. Fatal and non-
fatal strokes combined, and all coronary events, were
significantly reduced in the two types of hypertension.
The Blood Pressure Lowering Treatment Trialists col-
laboration [163] performed separate meta-analyses of
placebo-controlled trials in which active treatment was
initiated by a calcium antagonist or by an ACE
inhibitor, and showed that the reductions in cardio-
vascular endpoints were similar to those found in the
trials in which active treatment was based on diuretics
or -blockers.
Risk for cardiovascular events, particularly coronary
heart disease, differs greatly between men and women.
It is unclear from individual intervention trials whether
the effect of antihypertensive treatment in reducing
cardiovascular risk depends on gender. This issue was
explored by the INDANA working group, based on a
meta-analysis of individual patient data from seven
randomized controlled trials [202]. The total number of
individuals was 40 777, of whom 49% were men. In
men, odds ratios favouring treatment were statistically
significant for all-cause (12%; P ¼ 0.01), stroke
(43%; P , 0.001) and coronary mortality (17%;
P , 0.01) and all fatal and non-fatal cardiovascular
events (22%, P ¼ 0.001), strokes (34%; P , 0.001)
and coronary events (18%; P , 0.001). In women,
whose event rates were, in general, lower than in men,
odds ratios favouring treatment were statistically signifi-
cant for fatal strokes (29%; P , 0.05) and for com-
bined fatal and non-fatal cardiovascular events (26%;
P ¼ 0.001) and strokes (38%; P , 0.001), but not for
other outcomes. However, the risk ratios between the
treated and control groups did not differ between men
and women, regardless of outcome, and there were no
significant interactions between treatments effect and
gender, so that the proportional reduction of the cardio-
vascular risk appears to be similar in women and in
men.
Additional information has more recently been pro-
vided by other trials, not yet included in the previously
mentioned meta-analysis. In SCOPE [203] 4973 older
hypertensive patients were randomized to the angioten-
sin II antagonist, candesartan, or placebo. Since anti-
hypertensive treatment other than study drugs could be
given to all patients for better blood pressure control,
the study ended as a comparison between candesartan
and a control group receiving other antihypertensive
drugs. The blood pressure reduction was slightly better
in the candesartan group (3.2/1.6 mmHg), in which the
incidence of the primary composite endpoint (stroke,
myocardial infarction, cardiovascular death) tended to
be somewhat lower (11%; P ¼ 0.19), and the second-
ary endpoint of non-fatal stroke was significantly re-
duced (28%, P ¼ 0.04). Other placebo-controlled
trials addressed the effect of the angiotensin receptor
antagonists losartan [204] and irbesartan [205,206] in
patients with diabetes type 2 and nephropathy. All
studies concluded that the drug treatment was renopro-
tective (see below) but that there was no evidence of
benefit in secondary cardiovascular endpoints (for the
evaluation of which, however, these trials had insuffi-
cient power). It can be concluded from these recent
placebo-controlled trials that blood pressure lowering
by angiotensin II antagonists can also be beneficial,
particularly in stroke prevention, and, in patients with
diabetic nephropathy, in slowing progression of renal
disease.
Trials based on mortality and morbidity endpoints
comparing treatments initiated by different drug classes
During the past 5 years many controlled randomized
trials have compared antihypertensive regimens in-
itiated with different classes of antihypertensive agents,
most often comparing older (diuretics and -blockers)
with newer agents (calcium antagonists, ACE inhibitors,
angiotensin receptor antagonists, Æ-blockers), and occa-
sionally comparing newer drug classes. Nine trials
[100,167,207–213], with 67 435 randomized patients,
comparing calcium antagonists with older drugs have
been reviewed recently by Staessen and Wang [214].
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Table 6 Relative risk reduction of fatal events and combined fatal and non-fatal events in
patients on active antihypertensive treatment versus placebo or no treatment
Systolic–diastolic hypertension Isolated systolic hypertension
Risk reduction P Risk reduction P
Mortality
all cause 14% ,0.01 13% 0.02
cardiovascular 21% ,0.001 18% 0.01
non-cardiovascular 1% NS NS
Fatal and non-fatal events
stroke 42% ,0.001 30% ,0.001
coronary 14% ,0.01 23% ,0.001
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For none of the outcomes considered in this analysis,
including all-cause and cardiovascular mortality, all
cardiovascular events, stroke, myocardial infarction and
heart failure, did the P-values for heterogeneity reach
statistical significance (0.11 < P < 0.95). The pooled
odds ratios expressing the possible benefit of calcium
antagonists over old drugs were close to unity and non-
significant for total mortality (0.98, 95% confidence
interval 0.92–1.03, P ¼ 0.42), cardiovascular mortality
(1.03, 95% confidence interval 0.95–1.11, P ¼ 0.51), all
cardiovascular events (1.03, 95% confidence interval
0.99–1.08, P ¼ 0.15) and myocardial infarction (1.02,
95% confidence interval 0.95–1.10, P ¼ 0.61). Calcium
antagonists provided slightly better protection against
fatal and non-fatal stroke than old drugs. For the nine
trials combined, the odds ratio for stroke was 0.92 (95%
confidence interval 0.84–1.01, P ¼ 0.07). It reached
formal significance (0.90, 95% confidence interval 0.82–
0.98, P ¼ 0.02) when CONVINCE [213], a large trial
based on verapamil, was excluded. For heart failure,
calcium antagonists appeared to provide less protection
than conventional therapy, regardless of whether (1.33,
95% confidence interval 1.22–1.44, P , 0.0001) or not
(1.33, 95% confidence interval 1.22–1.46, P , 0.0001)
CONVINCE was incorporated in the pooled estimates.
Staessen and Wang [214] have also reviewed five trials
with 46 553 randomized patients comparing ACE in-
hibitors with old drugs [167,209,215–217]. The pooled
odds ratios expressing the possible benefit of ACE
inhibitors over conventional therapy were close to unity
and non-significant for total mortality (1.00, 95% con-
fidence interval 0.94–1.06, P ¼ 0.88), cardiovascular
mortality (1.02, 95% confidence interval 0.94–1.11,
P ¼ 0.62), all cardiovascular events (1.03, 95% confi-
dence interval 0.94–1.12, P ¼ 0.59), myocardial infarc-
tion (0.97, 95% confidence interval 0.90–1.04,
P ¼ 0.39) and heart failure (1.04, 95% confidence inter-
val 0.89–1.22, P ¼ 0.64). Compared with old drugs,
ACE inhibitors provided slightly less protection against
stroke, with a pooled odds ratio of 1.10 (95% con-
fidence interval 1.01–1.20, P ¼ 0.03). For all-cause and
cardiovascular mortality, stroke and myocardial infarc-
tion, P-values for heterogeneity among the trials of
ACE inhibitors were non-significant (0.16 < P < 0.88).
In contrast, for all cardiovascular events (P ¼ 0.006)
and heart failure (P ¼ 0.04) heterogeneity was signifi-
cant due to the ALLHAT [167] findings. Compared
with chlorthalidone, ALLHAT patients allocated lisi-
nopril had a greater risk of stroke (1.15, 95% con-
fidence interval 1.02–1.30, P ¼ 0.02), heart failure
(1.19, 95% confidence interval 1.07–1.31, P , 0.001),
and hence combined cardiovascular disease (1.10, 95%
confidence interval 1.05–1.16 P , 0.001) [167]. Similar
findings were reported previously for the comparison of
the Æ-blocker doxazosin with chlorthalidone, an ALL-
HAT arm that was interrupted prematurely [166].
Although ALLHAT [167] stands out as the largest
double-blind trial undertaken in hypertensive patients,
interpretation of its results is difficult for several
reasons, which may account for the heterogeneity of
ALLHAT results with respect with those of the other
trials:
1. In ALLHAT, 90% of the patients at randomization
were already on antihypertensive treatment, most
often diuretics; thus, ALLHAT tested continuing a
diuretic versus switching drug classes. Patients on
diuretics with latent or compensated heart failure
were deprived of their therapy when they were not
randomized to chlorthalidone.
2. The achieved systolic pressure was higher on dox-
azosin (+2.0 mmHg), amlodipine (+1.1 mmHg) and
lisinopril (2.3 mmHg, and 4 mmHg in African Amer-
icans) than on chlorthalidone. Presumably, these
factors explain why the Kaplan–Meier curves started
to diverge immediately after randomization for heart
failure and approximately 6 months later also for
stroke.
3. The sympatholytic agents used for step-up treat-
ment (atenolol, clonidine and/or reserpine at the
physician’s discretion) led to a somewhat artificial
treatment regimen, which does not reflect modern
clinical practice, is not usually recommended and is
known to potentiate the blood pressure response to
diuretics much more than to ACE inhibitors or
Æ-blockers.
4. ALLHAT did not include systematic end-point
evaluation, which may have particularly affected
evaluation of ‘softer’ endpoints, such as congestive
heart failure.
These limitations notwithstanding, ALLHAT [166,
167], either alone or in combination with the other
trials, supports the conclusion that the benefits of
antihypertensive therapy depend largely on blood
pressure lowering, thus confirming the preliminary
findings of the interim meta-analysis of the Blood
Pressure Lowering Treatment Trialists’ Collaboration
[163] and the opinion expressed in the 1999 WHO/
ISH guidelines [2]. These conclusions are further
confirmed by the recent results of the INVEST study
(presented at the American College of Cardiology
meeting, Chicago, 2003), which has compared the
calcium antagonist verapamil often combined with an
ACE inhibitor (trandolapril) to a -blocker often com-
bined with a diuretic, in hypertensive patients with
coronary heart disease, without showing any significant
differences in either primary (all cause death, non-fatal
myocardial infarction and stroke) or secondary out-
comes.
Two recent trials have studied the new class of
angiotensin receptor antagonists. The LIFE trial [218]
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has compared losartan with the -blocker atenolol in
hypertensive patients with left ventricular hypertrophy
for an average of 4.8 years, and found a significant
(P ¼ 0.021) 13% reduction in major cardiovascular
events, mostly due to a significant (P ¼ 0.001) 25%
reduction in stroke. There were no blood pressure
differences between the treatment groups. The
SCOPE trial [203] was initiated as a comparison of
elderly patients receiving candesartan or placebo, but
since, for ethical reasons, 85% of the placebo-initiated
patients received antihypertensive therapy (mostly
diuretics, -blockers or calcium antagonists) the study
is a comparison of antihypertensive treatment with or
without candesartan. After 3.7 years of treatment there
was a non-significant 11% reduction in major cardio-
vascular events, and a significant (P ¼ 0.04) 28% reduc-
tion in non-fatal strokes among candesartan-treated
patients, with an achieved blood pressure slightly lower
(3.2/1.6 mmHg) in the candesartan group.
Randomized trials based on intermediate endpoints
Left ventricular hypertrophy. Many studies have tested
the effects of various antihypertensive agents on hyper-
tension-associated left ventricular hypertrophy, mostly
evaluated by left ventricular mass on the echo-
cardiogram, but only a few of them have followed
strict-enough criteria to provide reliable information.
Consequently, meta-analyses cannot provide indisput-
able evidence [219,220]. As studies in hypertensive pa-
tients with left ventricular hypertrophy cannot be place-
bo controlled but must compare active treatments, large
number of patients must be included in order to have
sufficient power to detect small between-treatment dif-
ferences, and special precautions must be taken in order
to prevent regression to the mean and reading bias if the
sequence of scans is not blinded. The very few studies
adhering to these strict criteria do not yet provide
uncontrovertible answers: the LIVE study [221] con-
cludes for superiority of the diuretic indapamide over
the ACE inhibitor enalapril after 12 months but not after
6 months; the ELVERA [222], PRESERVE [223] and
FOAM studies [224] have shown equal regression with
ACE inhibitors (lisinopril, enalapril and fosinopril, re-
spectively) and with calcium antagonists (amlodipine,
nifedipine and amlodipine, respectively); the CATCH
study [225] has demonstrated equal regression with the
angiotensin receptor antagonist, candesartan, and the
ACE inhibitor, enalapril; and the ELSA study [226] has
reported equal regression after 1 and 4 years with the
calcium antagonist lacidipine and the -blocker atenolol.
A series of comparisons of different angiotensin receptor
antagonists with the -blocker atenolol have shown a
significantly greater regression with angiotensin antago-
nists [227–229]. The beneficial effect of left ventricular
hypertrophy regression has been documented by the
observation that it is accompanied by an improvement
of systolic function [230]. The large and long-term (5
years) LIFE Study [218] is particularly relevant, since,
in line with Framingham [231] and HOPE data [232],
the greater regression of electrocardiographically deter-
mined left ventricular hypertrophy with losartan was
accompanied by a reduced incidence of cardiovascular
events. The same findings were obtained in a LIFE
substudy in which left ventricular hypertrophy was
determined by echocardiography [233], thus confirming
previous evidence from smaller series of patients
[234,235]. It is interesting that in another recent study
comparing losartan with atenolol (REGAAL [229]),
although the difference between treatment-induced re-
ductions in left ventricular mass index fell short of
statistical significance, concentrations of natriuretic pep-
tides were decreased by losartan and increased by ateno-
lol, suggesting opposite effects on left ventricular
compliance. Future studies should investigate treat-
ment-induced effects on indices of collagen content or
fibrosis of the ventricular wall, rather than on its mass
only.
Arterial wall and atherosclerosis. Several randomized
trials have compared the long-term (2–4 years) effects
of different antihypertensive regimens on carotid artery
wall intima–media thickness. There is uniform evi-
dence of the beneficial action of calcium antagonists on
this endpoint. A placebo-controlled study showed the
superiority of amlodipine over placebo [236]; three
studies have shown the superiority of calcium antago-
nist (isradipine [207], verapamil [98], nifedipine [237])
over diuretic therapy; and one study the superiority of
the calcium antagonist, lacidipine, over the -blocker,
atenolol [100]. The latter study (ELSA [100]) was able
to show a greater effect of lacidipine not only in
slowing progression of intima–media thickness in the
common carotid bifurcation, but also in plaque progres-
sion and regression. Until recently the evidence con-
cerning ACE inhibitors appeared to be conflicting: one
placebo-controlled trial showed no effect of ramipril on
common carotid intima–media thickness [238], whereas
another showed a significant slowing of intima–media
thickness progression measured at the carotid bifurca-
tion and internal carotid, as well as in the common
carotid [239]. More recently, the results of the PHYL-
LIS study have reconciled the observations of the two
previous studies by reporting that the ACE inhibitor
fosinopril prevents the progression of carotid intima–
media thickness seen in patients treated with hydro-
chlorothiazide, but the effect is largely limited to the
bifurcation, with no or minor changes in the common
carotid wall [240].
Renal function. The most abundant evidence concerns
renal function in diabetic patients. This has recently
been reviewed [168]. In brief, the analysis of trials of
more or less intensive blood pressure lowering, or of the
addition of active versus placebo therapy, has shown
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that, in diabetic patients with advanced nephropathy,
progression of renal dysfunction can be slowed by add-
ing an angiotensin receptor antagonist (losartan [204], or
irbesartan [205]) rather than placebo (and a consequent
difference of 3–4 mmHg in systolic blood pressure).
Consistent effects of more intensive blood pressure
lowering were found on urinary protein excretion, both
overt proteinuria and microalbuminuria. According to
this recent review [168], of the six trials in diabetic
patients comparing treatments initiated by different
agents, four (one of an ACE inhibitor versus a -blocker
[215]; one of a calcium antagonist versus a diuretic [212];
and two of an ACE inhibitor versus a calcium antagonist
[156,241]) did not show a difference in the renal protec-
tive effect of the comparator drugs, whereas one indi-
cated the angiotensin antagonist irbesartan to be
superior to the calcium antagonist amlodipine in retard-
ing development of renal failure [205], and the other
indicated that the angiotensin antagonist losartan re-
duced incidence of new overt proteinuria better than
the -blocker atenolol [242]. The recent results of
ALLHAT, a trial including 36% of patients with dia-
betes, was unable to detect differences in renal function
(but data on proteinuria and microalbuminuria are not
available) in the very large number of patients rando-
mized to chlorthalidone, amlodipine or lisinopril, possi-
bly as a consequence of the very good blood pressure
control (134–136/75 mmHg) achieved in all groups
[167].
In patients with non-diabetic renal disease, a recent
meta-analysis of 11 randomized trials, comparing anti-
hypertensive regimens including or excluding an ACE
inhibitor [243], indicated a significantly slower progres-
sion in patients achieving blood pressure of 139/
85 mmHg rather than 144/87 mmHg. However, it is not
clear whether the benefit should be ascribed to ACE
inhibition, as suggested by the authors [243], or to the
lower blood pressure achieved. The recently completed
AASK trial [244] failed to find any further reduction in
the progress of renal dysfunction in African-American
hypertensives with nephrosclerosis by reducing blood
pressure to 128/78 rather than 141/85 mmHg, but ACE
inhibitors were shown to be somewhat more effective
than -blockers [244] or calcium antagonists [245] in
slowing the decline in glomerular filtration rate. There-
fore, it appears that in patients with non-diabetic renal
disease the use of an ACE inhibitor may be more
important than aggressive blood pressure lowering,
whereas in diabetic patients aggressive control of blood
pressure may be as equally important as blockade of
the renin–angiotensin system. Nonetheless, it appears
prudent to lower blood pressure intensively in patients
with non-diabetic renal disease also.
New onset diabetes. Trials that have monitored new
onset diabetes during the treatment follow-up have
shown a lower incidence of new diabetes when an ACE
inhibitor was used rather than placebo [155], when a
calcium antagonist was used rather than a thiazide
diuretic [212], when an ACE inhibitor was used rather
than diuretics or -blockers [216] and when an angioten-
sin receptor antagonist was used rather than a -blocker
[218,246] or usual therapy [203]. ALLHAT [167] has
also reported lower incidences of new diabetes in pa-
tients randomized to amlodipine or lisinopril compared
with those randomized to chlorthalidone.
Therapeutic strategies
Principles of drug treatment: monotherapy versus combination
therapy. In most, if not all, hypertensive patients, ther-
apy should be started gradually, and target blood pres-
sure values achieved progressively through several
weeks. To reach such target blood pressures, it is likely
that a large proportion of patients will require combina-
tion therapy with more than one agent. The proportion
of patients requiring combination therapy will depend
on baseline blood pressure values. In grade 1 hyper-
tensives, monotherapy is likely to be successful more
frequently. In ALLHAT, which recruited grade 1 and 2
hypertensives mostly on monotherapy, about 60% of the
patients remained on monotherapy [167]. In the HOT
study [160], which recruited grade 2 and 3 hypertensives
after washout from previous medication, monotherapy
was successful in only 25–40% of patients, according to
the target diastolic blood pressure. In trials of diabetic
patients the vast majority of patients were on at least
two drugs, and in two recent trials on diabetic nephro-
pathy [204,205] an average of 2.5 and 3.0 non-study
drugs were required in addition to the angiotensin
receptor antagonist used as study drug.
According to the baseline blood pressure and the
presence or absence of complications, it appears reason-
able to initiate therapy either with a low dose of a
single agent or with a low dose combination of two
agents (Fig. 2). Initiation of treatment by combination
therapy was effectively tested in the VA study at the
beginning of the antihypertensive treatment trial era
[247,248] and recently in the PROGRESS study [154].
If low-dose monotherapy is chosen and blood pressure
control is not achieved, the next step is to switch to a
low dose of a different agent, or to increase the dose of
the first compound chosen (with a greater possibility of
causing adverse effects) or to move to combination
therapy. If therapy has been initiated by a low-dose
combination, a higher dose combination can subse-
quently be used or a low dose of a third compound
added.
The advantage of starting with low dose monotherapy
and, if the initial compound is not well tolerated,
switching to another agent is that of being able to find
the drug to which any individual patient best responds
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1032 Journal of Hypertension 2003, Vol 21 No 6
(both in terms of efficacy and tolerability); but unless
pharmacogenomics provides help in the future, the
procedure is laborious and frustrating for both doctors
and patients, and may lead to low compliance.
An obvious disadvantage of initiating with two drugs,
even if at a low dose, is that of potentially exposing the
patient to an unnecessary agent, but the advantages are
that: (1) by using two drugs with different mechanisms
of action, it is more likely that blood pressure and its
complications are controlled; (2) by using combinations,
both the first and second drugs can be given in the low
dose range that is more likely to be free of side-effects;
(3) fixed low-dose combinations are available in Europe
as well as in other parts of the world, allowing the
administration of two agents within a single tablet, thus
optimizing compliance.
The following two-drug combinations have been found
to be effective and well tolerated (Fig. 3):
• diuretic and -blocker;
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Consider:
Untreated BP level
Absence or presence of TOD and risk factors
Choose between
Single agent
at low dose
Two-drug combination
at low dose
If goal BP not achieved
Previous agent
at full dose
Switch to different
agent at low dose
Previous combination
at full dose
Add a third drug
at low dose
If goal BP not achieved
Two- to three-drug
combination
Three-drug combination
at effective doses
Full dose
monotherapy
Fig. 2
Choice between monotherapy and combination therapy. BP, blood pressure; TOD, target organ damage.
Box 10 Position statement: Monotherapy
versus combination therapy
• In most, if not all, hypertensive patients, therapy
should be started gradually, and target blood
pressure values achieved progressively through
several weeks.
• To reach target blood pressure, it is likely that a
large proportion of patients will require combina-
tion therapy with more than one agent.
• According to the baseline blood pressure and the
presence or absence of complications, it appears
reasonable to initiate therapy either with a low
dose of a single agent or with a low-dose
combination of two agents.
• There are advantages and disadvantages with
either approach.
Diuretics
-blockers
α-blockers
ACE inhibitors
Calcium
antagonists
AT1-receptor
blockers
Fig. 3
Possible combinations of different classes of antihypertensive agents.
The most rational combinations are represented as thick lines. ACE,
angiotensin-converting enzyme. The frames indicate classes of
antihypertensive agents proven to be beneficial in controlled
interventional trials.
2003 Guidelines for Management of Hypertension 1033
• diuretic and ACE inhibitor or angiotensin receptor
antagonist;
• calcium antagonist (dihydropyridine) and -blocker;
• calcium antagonist and ACE inhibitor or angiotensin
receptor antagonist;
• calcium antagonist and diuretic;
• Æ-blocker and -blocker;
• other combinations (e.g. with central agents, includ-
ing Æ2-adrenoreceptor agonists and imidazoline I2
receptor modulators, or between ACE inhibitors and
angiotensin receptor antagonists) can be used if
necessary, and three or four drugs may be required in
many cases.
The use of long-acting drugs or preparations providing
24-h efficacy on a once-daily basis is recommended.
The advantages of such medications include improve-
ment in adherence to therapy and minimization of
blood pressure variability, thus possibly providing great-
er protection against the risk of major cardiovascular
events and the development of target-organ damage
[249,250].
Particular attention should be given to adverse events,
even purely subjective disturbances, because they may
be an important cause of non-compliance. The patients
should always be asked about adverse effects, and dose
or drug changes made accordingly. Some adverse
effects have a similar incidence for all compounds of
the same class (e.g. cough for ACE inhibitors), whereas
for other adverse events there may be compounds
within the same drug class less prone to induce them
(e.g. among -blockers less fatigue or Raynaud’s phe-
nomenon with vasodilating compounds; among calcium
antagonists no constipation with dihydropyridines, no
tachycardia with verapamil and diltiazem).
Choice of antihypertensive drugs. The large number of
randomized trials, both those comparing active treat-
ment versus placebo and those comparing active treat-
ment regimens based on different compounds (see
above), clearly confirm the conclusions of the previous
guidelines of the European societies [3,4] and of the
WHO/ISH [2], that the main benefits of antihyperten-
sive therapy are due to lowering of blood pressure per se,
largely independently of the drugs used to lower blood
pressure.
However, there is also evidence that specific drug
classes may differ in some effect or in special groups of
patients. For example, angiotensin receptor antagonists
appear more effective in preventing stroke than -
blockers [218] or usual therapy [203], particularly in
patients with left ventricular hypertrophy [219] or the
elderly [203]; thiazide diuretics, either alone or in
combination, may be more useful than some other
agents in preventing congestive heart failure [212,167];
ACE inhibitors and angiotensin receptor antagonists
have been shown to retard progress of renal deteriora-
tion in diabetic and non-diabetic nephropathy [204–
206,243–245]; angiotensin receptor antagonists seem
more effective than -blockers in regressing left ven-
tricular hypertrophy [218,227–229]; calcium antagonists
have been shown to be more effective than diuretics
[98,207,237] or -blockers [100], and ACE inhibitors
more effective than a diuretic [240] in slowing progres-
sion of carotid atherosclerosis. Finally, drugs are not
equal in terms of adverse disturbances, particularly in
individual patients, and the patient’s preference is a
prerequisite for compliance and the success of therapy.
Therefore, it can be concluded that the major classes of
antihypertensive agents: diuretics, -blockers, calcium
antagonists, ACE inhibitors and angiotensin receptor
antagonists, are suitable for the initiation and mainte-
nance of antihypertensive therapy. Although the inter-
ruption of the only trial testing an Æ-blocker (the
doxazosin arm of the ALLHAT trial [166]) has been
criticized, evidence favouring the use of Æ-blockers is
more scanty than evidence of the benefits of other
antihypertensive agents, but Æ-blockers too can be
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Box 11 Position statement: Choice of
antihypertensive drugs
• The main benefits of antihypertensive therapy are
due to lowering of blood pressure per se.
• There is also evidence that specific drug classes
may differ in some effect, or in special groups of
patients.
• Drugs are not equal in terms of adverse distur-
bances, particularly in individual patients.
• The major classes of antihypertensive agents –
diuretics, -blockers, calcium antagonists, ACE
inhibitors, angiotensin receptor antagonists – are
suitable for the initiation and maintenance of
therapy.
• Emphasis on identifying the first class of drugs to
be used is probably outdated by the need to use
two or more drugs in combination in order to
achieve goal blood pressure.
• Within the array of available evidence, the choice
of drugs will be influenced by many factors,
including:
– previous experience of the patient with anti-
hypertensive agents;
– cost of drugs;
– risk profile, presence or absence of target organ
damage, clinical cardiovascular or renal disease
or diabetes;
– patient’s preference.
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considered, particularly for combination therapy. Cen-
tral agents, Æ2-adrenoreceptors agonists and modulators
of imidazoline I2 receptors, may also be helpful in
combination therapy. Emphasis on identifying the first
class of drugs to be used is probably outdated by the
awareness that two or more drugs in combination are
necessary in the majority of patients, particularly those
with higher initial blood pressures or target organ
damage or associated diseases, in order to achieve goal
blood pressure.
Within the array of available agents, the choice of drugs
will be influenced by many factors, including:
1. The previous, favourable or unfavourable, experi-
ence of the individual patient with a given class of
compounds.
2. The cost of drugs, either to the individual patient or
to the health provider, although cost considerations
should not predominate over efficacy and tolerability
in any individual patient.
3. The cardiovascular risk profile of the individual
patient.
4. The presence of target organ damage, of clinical
cardiovascular disease, renal disease and diabetes.
5. The presence of other coexisting disorders that may
either favour or limit the use of particular classes of
antihypertensive drugs.
6. The possibility of interactions with drugs used for
other conditions present in the patient.
The physician should tailor the choice of drugs to the
individual patient, after taking all these factors, to-
gether with patient preference, into account. Indica-
tions and contraindications of specific drug classes are
listed in Table 7, and therapeutic approaches to be
preferred in special conditions are discussed in the next
section.
Therapeutic approaches in special conditions
Elderly
There is little doubt from randomized controlled trials
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Table 7 Indications and contraindications for the major classes of antihypertensive drugs
Contraindications
Class Conditions favouring the use Compelling Possible
Diuretics (thiazides) Congestive heart failure;
elderly hypertensives;
isolated systolic hypertension;
hypertensives of African origin
Gout Pregnancy
Diuretics (loop) Renal insufficiency;
congestive heart failure
Diuretics (anti-aldosterone) Congestive heart failure;
post-myocardial infarction
Renal failure;
hyperkalaemia
-Blockers Angina pectoris;
post-myocardial infarction;
congestive heart failure (up-titration);
pregnancy;
tachyarrhythmias
Asthma;
chronic obstructive pulmonary disease;
A-V block (grade 2 or 3)
Peripheral vascular disease;
glucose intolerance;
athletes and physically active patients
Calcium antagonists
(dihydropyridines)
Elderly patients;
isolated systolic hypertension;
angina pectoris;
peripheral vascular disease;
carotid atherosclerosis;
pregnancy
Tachyarrhythmias;
congestive heart failure
Calcium antagonists
(verapamil, diltiazem)
Angina pectoris;
carotid atherosclerosis;
supraventricular tachycardia
A-V block (grade 2 or 3);
congestive heart failure
Angiotensin-converting
enzyme (ACE) inhibitors
Congestive heart failure;
LV dysfunction;
post-myocardial infarction;
non-diabetic nephropathy;
type 1 diabetic nephropathy;
proteinuria
Pregnancy;
hyperkalaemia;
bilateral renal artery stenosis
Angiotensin II receptor
antagonists (AT1-blockers)
Type 2 diabetic nephropathy;
diabetic microalbuminuria;
proteinuria;
left ventricular hypertrophy;
ACE-inhibitor cough
Pregnancy;
hyperkalaemia;
bilateral renal artery stenosis
Æ-Blockers Prostatic hyperplasia (BPH);
hyperlipidaemia
Orthostatic hypotension Congestive heart failure
A-V, atrioventricular; LV, left ventricular.
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that older patients benefit from antihypertensive treat-
ment in terms of reduced cardiovascular morbidity and
mortality, irrespective of whether they have systolic–
diastolic hypertension or isolated systolic hypertension
[199,200]. Whereas trials in the elderly usually include
patients who are at least 60 years old, a recent meta-
analysis concluded that fatal and non-fatal cardio-
vascular events combined were significantly reduced in
participants in randomized, controlled trials of antihy-
pertensive drug treatment aged 80 years and over, but
all-cause mortality was not reduced [251]. The larger
randomized controlled trials of antihypertensive treat-
ment versus placebo or no treatment in elderly patients
with systolic–diastolic hypertension used a diuretic or a
-blocker as first-line therapy [201]. In trials of isolated
systolic hypertension, first-line drugs comprised a diure-
tic [14] or a dihydropyridine calcium-channel blocker
[15]. Treatment was initiated with the latter drug class
in two less orthodox Chinese trials, one in systolic–
diastolic hypertension [252] and the other in isolated
systolic hypertension [253]. In all these trials, active
therapy was superior to placebo or no treatment. Other
drug classes have only been used in trials in which
‘newer’ drugs were compared with ‘older’ drugs. The
STOP-2 trial [209] found that the incidence of cardio-
vascular events was similar in elderly hypertensives
randomized to a calcium antagonist, an ACE inhibitor,
or to conventional treatment with a diuretic and/or a -
blocker, and ALLHAT [167] showed that a diuretic, a
calcium antagonist and an ACE inhibitor influenced
cardiovascular events to the same extent in patients
older than 65 years. The LIFE trial [218] showed that,
in 55- to 80-year-old hypertensive patients with evi-
dence of left ventricular hypertrophy, the angiotensin
receptor antagonist losartan was more effective in
reducing cardiovascular events, particularly stroke, than
the -blocker atenolol; and this was also true for
patients with isolated systolic hypertension [254].
SCOPE [203] showed a reduction in non-fatal strokes
in hypertensive patients aged 70 years or older treated
with an antihypertensive regimen containing the angio-
tensin receptor antagonist candesartan, in comparison
with patients receiving an antihypertensive treatment
without candesartan. Therefore, it appears that benefit
has been shown in older patients for at least one
representative agent of several drug classes, i.e. diure-
tics, -blockers, calcium antagonists, converting enzyme
inhibitors and angiotensin receptor antagonists.
Initiation of antihypertensive treatment in elderly pa-
tients should follow the general guidelines. Many pa-
tients will have other risk factors, target organ damage
and associated cardiovascular conditions, to which the
choice of the first drug should be tailored. Furthermore,
many patients will need two or more drugs to control
blood pressure, particularly since it is often difficult to
lower systolic pressure to below 140 mmHg [165,255].
The optimal diastolic blood pressure is less clear. In an
important post-hoc analysis, the SHEP investigators
assessed the role of the on-treatment diastolic blood
pressure in patients with isolated systolic hypertension
[256]. They concluded that an achieved diastolic pres-
sure of less than 70 mmHg, and especially below
60 mmHg, identifies a high-risk group that has a poorer
outcome. These patients may have been overtreated.
Further studies are needed to determine how far
diastolic blood pressure can be lowered in elderly
patients with isolated systolic hypertension and uncon-
trolled systolic blood pressure on therapy.
Diabetes mellitus
The prevalence of hypertension is increased in patients
with diabetes mellitus [257]. The main forms of
hyperglycaemic disorders consist of type 1 diabetes (B-
cell destruction, usually leading to absolute insulin
deficiency) and type 2 diabetes (ranging from predomi-
nantly insulin resistance with relative insulin deficiency
to predominantly insulin secretory defect with insulin
resistance) [258]. Type 2 diabetes is by far the most
common form, occurring about 10–20 times as often as
type 1 [259]. Hypertensive patients frequently exhibit a
condition known as ‘metabolic syndrome’, associating
insulin resistance (with the concomitant hyperinsulinae-
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Box 12 Position statement:
Antihypertensive therapy in the elderly
• There is little doubt from randomized controlled
trials that older patients with systolic–diastolic or
with isolated systolic hypertension benefit from
antihypertensive treatment in terms of reduced
cardiovascular morbidity and mortality.
• Initiation of antihypertensive treatment in elderly
patients should follow the general guidelines, but
should be particularly gradual, especially in frail
individuals.
• Blood pressure measurement should also be per-
formed in the erect posture, to exclude patients
with marked postural hypotension from treatment
and to evaluate postural effects of treatment.
• Many elderly patients will have other risk factors,
target organ damage and associated cardiovascular
conditions, to which the choice of the first drug
should be tailored.
• Many elderly patients need two or more drugs to
control blood pressure, particularly since it is often
difficult to lower systolic blood pressure to below
140 mmHg.
• In subjects aged 80 years and over, a recent meta-
analysis concluded that fatal and non-fatal cardio-
vascular events, but not mortality, are reduced by
antihypertensive therapy.
1036 Journal of Hypertension 2003, Vol 21 No 6
mia), central obesity and characteristic dyslipidaemia
(high plasma triglycerides and low high-density lipopro-
tein cholesterol) [37,260]. These patients are prone to
develop type 2 diabetes [261].
In type 1 diabetes, hypertension often reflects the onset
of diabetic nephropathy [262] whereas a large fraction
of hypertensive patients still have normoalbuminuria at
the time of diagnosis of type 2 diabetes [263]. The
prevalence of hypertension (defined as a blood pressure
> 140/90 mmHg) in patients with type 2 diabetes and
normoalbuminuria is very high (71%), and increases
even further, to 90% in the presence of microalbumi-
nuria [264]. The coexistence of hypertension and
diabetes mellitus (either of type 1 or 2) substantially
increases the risk of macrovascular complications, in-
cluding stroke, coronary heart disease, congestive heart
failure and peripheral vascular disease, and is responsi-
ble for an excessive cardiovascular mortality [262,265].
The presence of microalbuminuria is both an early
marker of renal damage and an indicator of increased
cardiovascular risk [266,267]. Also there is evidence that
hypertension accelerates the development of diabetic
retinopathy [268]. The level of blood pressure achieved
during treatment influences greatly the outcome of
diabetic patients. In patients with diabetic nephropa-
thy, the rate of progression of renal disease is in a
continuous relationship with blood pressure down to
levels of 130 mmHg systolic and 70 mmHg diastolic
[269,270]. Aggressive treatment of hypertension pro-
tects patients with type 2 diabetes against cardio-
vascular events. As mentioned above, the primary goal
of antihypertensive treatment in diabetics should be to
lower blood pressure below 130/80 mmHg whenever
possible, the optimal blood pressure being the lowest
one that remains tolerated.
Weight gain is a critical factor in the progression to
type 2 diabetes [271]. A key component of manage-
ment is to avoid overweight by all the means indicated
above, particularly by calorie restriction and a decrease
in sodium intake, as a strong relationship exists be-
tween obesity, hypertension, sodium sensitivity and
insulin resistance [272].
No major trial has been performed to assess the effect
of blood pressure lowering on cardiovascular morbidity
and mortality in hypertensive patients with type 1
diabetes. However, there is good evidence that -
blocker- and diuretic-based antihypertensive therapy
delays the progression of nephropathy in these patients
[273]. In albuminuric patients with type 1 diabetes, the
best protection against renal function deterioration is
provided by ACE inhibition [274]. It remains unknown
whether angiotensin II receptor antagonists are equally
effective in this indication.
In type 2 diabetes, the effects of antihypertensive drugs
on cardiovascular complications have been compared in
several controlled randomized trials, that have been
reviewed recently [168]. Evidence for the superiority or
inferiority of different drug classes is still vague and
contradictory. Unfortunately, most of the comparisons
have been made in relatively small studies, or substu-
dies of larger trials, each without adequate power of
testing for the relatively small differences to be ex-
pected. Superiority of ACE inhibitors in preventing the
aggregate of major cardiovascular events is limited to
two trials, one against diuretics/-blockers [216], the
other against a calcium antagonist [162], or in analyses
of cause-specific events for which the trial power was
even less. ALLHAT [167] has also failed to find
differences in cardiovascular outcomes in the large
number of type 2 diabetics included in that trial
randomized to a diuretic, a calcium antagonist or an
ACE inhibitor. Recent evidence with angiotensin II
receptor antagonists has shown a significant reduction
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Box 13 Position statement:
Antihypertensive therapy in diabetics
• Non-pharmacological measures (particularly
weight loss and reduction in salt intake) should be
encouraged in all patients with type 2 diabetes,
independently of the existing blood pressure.
These measures may suffice to normalize blood
pressure in patients with high normal or grade 1
hypertension, and can be expected to facilitate
blood pressure control by antihypertensive agents.
• The goal blood pressure to aim at during behav-
ioural or pharmacological therapy is below 130/
80 mmHg.
• To reach this goal, most often combination ther-
apy will be required.
• It is recommended that all effective and well-
tolerated antihypertensive agents are used, gener-
ally in combination.
• Available evidence indicates that renoprotection
benefits from the regular inclusion in these combi-
nations of an ACE inhibitor in type 1 diabetes and
of an angiotensin receptor antagonist in type 2
diabetes.
• In type 2 diabetic patients with high normal blood
pressure, who may sometimes achieve blood
pressure goal by monotherapy, the first drug to be
tested should be a blocker of the renin–angioten-
sin system.
• The finding of microalbuminuria in type 1 or 2
diabetics is an indication for antihypertensive
treatment, especially by a blocker of the renin–
angiotensin system, irrespective of the blood
pressure values.
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of cardiovascular events, cardiovascular death and total
mortality in diabetics when losartan was compared with
atenolol [242]. If renal endpoints are also considered
(see above), the benefits of angiotensin II receptor
antagonists become more evident. IDNT [205] showed
a reduction in renal dysfunction and failure by the use
of irbesartan rather than amlodipine, and LIFE [242]
indicated that losartan reduced the incidence of new
proteinuria better than atenolol.
In conclusion, in view of the consensus that blood
pressure in type 2 diabetic patients must be lowered,
whenever possible, to ,130/80 mmHg, it appears
reasonable to recommend that all effective and well-
tolerated antihypertensive agents can be used, gener-
ally in combination. Available evidence suggests that
renoprotection may benefit from the regular inclusion
of an angiotensin receptor antagonist in these combi-
nations and that, in patients with high normal blood
pressure, who may sometimes achieve blood pressure
goal by monotherapy, the first drug to be used
should be an angiotensin II receptor antagonist.
Finally, the finding of microalbuminuria in type 1 or
2 diabetics is an indication for antihypertensive
treatment, especially by a blocker of the renin–
angiotensin system, irrespective of the blood pressure
values.
Concomitant cerebrovascular disease
Evidence of the benefits of antihypertensive therapy in
patients who had already suffered a stroke or a transient
ischaemic attack (secondary prevention) was equivocal,
and no definite recommendation could be given until
the recent publication of trials which clearly showed
the benefits of lowering blood pressure in patients with
previous episodes of cardiovascular disease, even when
their initial blood pressure was in the normal range.
The randomized, double-blind placebo-controlled
PATS trial [275] demonstrated that in 5665 patients
with a transient ischaemic attack or a history of stroke
without severe disability, blood pressure reduction of 5/
2 mmHg by diuretic-based treatment (indapamide)
reduced the incidence of total stroke by 29%
(P , 0.001), with 3-year absolute benefit of 29 events
per 1000 participants; the results were similar in normo-
tensive and hypertensive patients. The Perindopril
Protection Against Recurrent Stroke Study (PRO-
GRESS) [154] was also designed to determine the
effects of a blood-pressure-lowering regimen in hyper-
tensive and non-hypertensive patients with a history of
stroke or transient ischaemic attack (in stable clinical
conditions). Active treatment, which comprised a flex-
ible regimen based on an ACE inhibitor, with the
addition of indapamide at the discretion of the treating
physician, reduced the recurrency of stroke by 28%
(P , 0.0001) and the incidence of all cardiovascular
events by 26% (P , 0.0001). There were similar reduc-
tions in the risk of stroke and cardiovascular events in
hypertensive and non-hypertensive subgroups (all
P , 0.01).
Whether elevated blood pressure in acute stroke should
be lowered, or to what extent, and how, is still
disputed, and there are more questions than answers,
but trials are in progress. A statement by a special ISH
panel has been published recently [276].
Concomitant coronary heart disease and congestive heart
failure
The risk of a recurrent event in patients with coronary
heart disease is significantly affected by the blood
pressure level [277], and hypertension is frequently a
past or present clinical problem in patients with con-
gestive heart failure [278]. However, only a few trials
have tested the effects of blood pressure lowering in
patients with coronary heart disease or congestive heart
failure. The HOT Study showed a significant reduction
of strokes the lower was the target blood pressure in
hypertensives with previous signs of ischaemic heart
disease, and found no evidence of a J-shaped curve
[160,164]. The recent INVEST study has shown pa-
tients with known coronary heart disease to have
similar incidences of new coronary events when treated
with a regimen based on verapamil (plus eventually an
ACE inhibitor) or a regimen based on a -blocker (plus
eventually a diuretic).
Apart from the INVEST study, many of the more
common blood-pressure-lowering agents have been
assessed in patients with coronary heart disease or heart
failure with objectives other than reduction of blood
pressure. -blockers, ACE inhibitors and anti-aldo-
sterone compounds are well established in the treat-
ment regimens for preventing cardiovascular events and
prolonging life in patients after an acute myocardial
infarction and with heart failure [279–284], but how
much of the benefit is due to concomitant blood
pressure lowering and how much to specific drug
actions has never been clarified [285]. The large
majority (80%) of participants in the HOPE study had
coronary heart disease. In these patients, treatment
with an ACE inhibitor on top of other medication
markedly reduced cardiovascular events and deaths
compared to placebo [155], but here blood pressure
lowering may have played a major role, an argument
supported by the recent evidence in ALLHAT of
similar incidence of coronary endpoints in patients
treated with a thiazide or a calcium antagonist or an
ACE inhibitor (more than 50% of ALLHAT partici-
pants had history or signs of atherosclerotic cardio-
vascular disease) [167]. ALLHAT has also shown
thiazide diuretics to be superior to a dihydropyridine
calcium antagonist and to an ACE inhibitor in preven-
tion of congestive heart failure [167], but the super-
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iority of the diuretic over the ACE inhibitor may largely
depend on less good blood pressure control (especially
in African Americans) in the ACE inhibitor (prescribed
without a diuretic according to the study design) group
[286,287]. The diagnosis of congestive heart failure in
ALLHAT has also been questioned [286]. There are
also data in support of the use of angiotensin receptor
antagonists in congestive heart failure as alternatives to
ACE inhibitors, especially in patients intolerant of ACE
inhibitors, or in combination with ACE inhibitors
[288,289]. The role of calcium antagonists in prevention
of coronary events has been vindicated [290] by ALL-
HAT, which showed that therapy with a long-acting
dihydropyridine had efficacy equal to that with the
other antihypertensive agents [167]. Calcium antago-
nists appear to be less effective in prevention of
congestive heart failure, but a long-acting dihydropyr-
idine may be used if hypertension is resistant to other
agents [291].
Hypertensive patients with deranged renal function
Renal vasoconstriction is found at the initial stages of
essential hypertension and this is reversed by the
administration of calcium-channel blockers and ACE
inhibitors [292]. In more advanced stages of the dis-
ease, renal vascular resistance is permanently elevated
as a consequence of structural lesions of the renal
vessels (nephrosclerosis). Before antihypertensive treat-
ment became available, renal involvement was frequent
in patients with primary hypertension. In 1955 Perera
reported that proteinuria was present in 42%, and
chronic renal failure in 18%, of a series of 500 patients
he had followed until death [293]. In this series, life
expectancy after the onset of renal involvement was
reported to be no more than 5–7 years. As discussed
above, renal protection in diabetes has two main
prerequisites: first, to attain very strict blood pressure
control (,130/80 mmHg; and even lower, ,125/75
mmHg, when proteinuria . 1 g/day is present); and,
secondly, to lower proteinuria or albuminuria (micro- or
macro-) to values as near to normal as possible. In order
to attain the latter goal, blockade of the effects of
angiotensin II (either with an ACE inhibitor or with an
angiotensin II receptor blocker) is required. In order to
achieve the blood pressure goal, combination therapy is
often required even in patients with high normal blood
pressure [168]. The addition of a diuretic as second-
step therapy is usually recommended (a loop diuretic if
serum creatinine . 2 mg/l is present), but other combi-
nations, in particular with calcium antagonists, can also
be considered. To prevent or retard development of
nephrosclerosis, at least in Afro-American hyper-
tensives, blockade of the renin–angiotensin system has
been reported to be more important than attaining very
low blood pressure [244], but whether this also applies
to retardation of non-diabetic renal failure in other
ethnic groups is more uncertain. On the whole, it seems
prudent to start antihypertensive therapy in patients
(diabetic or non-diabetic) with reduced renal function,
especially if accompanied by proteinuria, using an ACE
inhibitor or an angiotensin receptor antagonist, and
then to add other antihypertensive agents in order to
lower blood pressure intensively. A recent study sug-
gests that dual blockade of the renin–angiotensin
system (by an ACE inhibitor and an angiotensin
receptor antagonist) is quite effective in lowering blood
pressure and proteinuria in advanced renal disease
[294]. Frequently, an integrated therapeutic interven-
tion (antihypertensives, statins, antiplatelet therapy,
etc.) (see below) has to be considered in patients with
renal damage, especially diabetics, due to the concomi-
tant elevation in total cardiovascular risk [295].
Hypertension in pregnancy
Hypertensive disorders in pregnancy remain a major
cause of maternal, fetal and neonatal morbidity and
mortality, not only in less-developed but also in indus-
trialized countries. Physiologically, blood pressure nor-
mally falls in the second trimester, reaching a mean of
15 mmHg lower than levels before pregnancy. In the
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Box 14 Position statement:
Antihypertensive therapy in patients with
deranged renal function
• Before antihypertensive treatment became avail-
able, renal involvement was frequent in patients
with essential hypertension.
• Renal protection in diabetes has two main require-
ments:
– strict blood pressure control (,130/80 mmHg
and even lower if proteinuria is .1 g/day);
– lowering proteinuria to values as near to normal
as possible.
• To reduce proteinuria either an angiotensin recep-
tor blocker or an ACE inhibitor is required.
• To achieve the blood pressure goal, combination
therapy is usually required, with addition of a
diuretic and a calcium antagonist.
• To prevent or retard nephrosclerosis in hyper-
tensive non-diabetic patients, blockade of the
renin–angiotensin system appears more important
than attaining very low blood pressure, but evi-
dence is so far restricted to Afro-American hyper-
tensives, and suitable studies in other ethnic
groups are required. It appears prudent, however,
to lower blood pressure intensively in all hyper-
tensive patients with deranged renal function.
• An integrated therapeutic intervention (antihyper-
tensives, statins, antiplatelet therapy, etc.) fre-
quently has to be considered in patients with renal
damage.
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third trimester, it returns to, or may exceed, the pre-
pregnancy levels. This fluctuation occurs in both
normotensive and previously hypertensive women, and
in those who will develop pregnancy-specific hyper-
tension.
The definition of hypertension in pregnancy is not
uniform [2,296,297]. It used to include an elevation in
blood pressure during the second trimester from
a baseline reading in the first trimester, or to pre-
pregnancy levels, but a definition based on absolute
blood pressure values (systolic blood pressure > 140
mmHg or diastolic blood pressure > 90 mmHg) is now
preferred [297].
It is essential to confirm high blood pressure readings
on two occasions. It is recommended that both Phase
IV and V Korotkoff sounds be recorded. Phase IV
should be used for initiating clinical investigation and
management.
Hypertension in pregnancy is not a single entity [298]
but comprises:
• Pre-existing hypertension, which complicates 1–5% of
pregnancies and is defined as blood pressure > 140/
90 mmHg that either predates pregnancy or develops
before 20 weeks of gestation, and normally persists
more than 42 days postpartum. It may be associated
with proteinuria.
• Gestational hypertension, which is pregnancy-induced
hypertension without proteinuria. Gestational hyper-
tension associated with significant proteinuria
(.300 mg/l or .500 mg/24 h or dipstick 2 + or more)
is known as pre-eclampsia. Hypertension develops
after 20 weeks’ gestation. In most cases, it resolves
within 42 days postpartum. Gestational hypertension
is characterized by poor organ perfusion.
• Pre-existing hypertension plus superimposed gestational
hypertension with proteinuria. Pre-existing hypertension
is associated with further worsening of blood pressure
and protein excretion > 3 g/day in 24-h urine
collection after 20 weeks’ gestation; it corresponds to
previous terminology ‘chronic hypertension with
superimposed pre-eclampsia’.
• Antenatally unclassifiable hypertension. Hypertension
with or without systemic manifestations, if blood
pressure was first recorded after 20 weeks’ gestation.
Re-assessment is necessary at or after 42 days
postpartum. If hypertension is resolved by then, the
condition should be re-classified as gestational hyper-
tension with or without proteinuria. If the hyper-
tension is not resolved by then, the condition should
be reclassified as pre-existing hypertension.
Oedema occurs in up to 60% of normal pregnancies,
and is no longer used in the diagnosis of pre-eclampsia.
Hypertensive disorders in pregnancy, particularly gesta-
tional hypertension with or without proteinuria, may
produce changes in the haematologic, renal and hepatic
profiles that may adversely affect prognosis and both
neonatal and maternal outcomes. Basic laboratory in-
vestigations recommended for monitoring patients with
hypertension in pregnancy are presented in Table 8.
The majority of women with pre-existing hypertension
in pregnancy have mild to moderate hypertension
(140–179/90–109 mmHg), and are at low risk for
cardiovascular complications within the short timeframe
of pregnancy. Women with essential hypertension and
normal renal function have good maternal and neonatal
outcomes, they are candidates for non-drug therapy
because there is no evidence that pharmacological
treatment results in improved neonatal outcome
[299,300].
Non-pharmacological management [301] should be con-
sidered for pregnant women with SBP of 140–
149 mmHg or DBP of 90–99 mmHg or both, measured
in a clinical setting. Management, depending on BP,
gestational age and presence of associated maternal and
fetal risk factors, includes close supervision, limitation
of activities, and some bed rest in the left lateral
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Table 8 Basic laboratory investigations recommended for monitoring patients with hypertension in pregnancy
Haemoglobin and haematocrit Haemoconcentration supports diagnosis of gestational hypertension with or without proteinuria. It indicates severity.
Levels may be low in very severe cases because of haemolysis
Platelet count Low levels ,100 000 3 109/l may suggest consumption in the microvasculature. Levels correspond to severity and are
predictive of recovery rate in postpartum period, especially for women with HELLP syndrome
Serum AST, ALT Elevated levels suggest hepatic involvement. Increasing levels suggest worsening severity
Serum LDH Elevated levels are associated with haemolysis and hepatic involvement. May reflect severity and may predict potential for
recovery postpartum, especially for women with HELLP syndrome
Proteinuria (24-h urine collection) Standard to quantify proteinuria. If in excess of 2 g/day, very close monitoring is warranted. If in excess of 3 g/day, delivery
should be considered
Urinalysis Dipstick test for proteinuria has significant false-positive and false-negative rates. If dipstick results are positive (> 1),
24-h urine collection is needed to confirm proteinuria. Negative dipstick results do not rule out proteinuria, especially if
DBP > 90 mmHg
Serum uric acid Elevated levels aid in differential diagnosis of gestational hypertension and may reflect severity
Serum creatinine Levels drop in pregnancy. Elevated levels suggest increasing severity of hypertension; assessment of 24-h creatinine
clearance may be necessary
HELLP, haemolysis, elevated liver enzyme levels and low platelet count; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase.
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position. A normal diet without salt restriction is
advised. Preventive interventions, aimed at reducing
the incidence of gestational hypertension, especially pre-
eclampsia, including calcium supplementation (2 g/d)
[302], fish oil supplementation [303] and low-dose
acetylsalicylic acid therapy [304] have failed to produce
consistently the benefits initially expected, especially
on the fetus. Low-dose aspirin is, however, used
prophylactically in women who have a history of early
onset (,28 weeks) pre-eclampsia. Although weight
reduction may be helpful in reducing BP in non-
pregnant women, it is not recommended during preg-
nancy in obese women. Weight reduction can be
associated with reduced neonatal weight and lower
subsequent growth in infants of dieting obese mothers.
The value of continued administration of antihyperten-
sive drugs to pregnant women with chronic hyper-
tension continues to be an area of debate. While there
is a consensus that drug treatment of severe hyper-
tension in pregnancy is required and beneficial [305],
treatment of less severe hypertension is controversial.
Although it might be beneficial for the mother with
hypertension to reduce her blood pressure, lower pres-
sure may impair uteroplacental perfusion and thereby
jeopardize fetal development [306,307]. Much uncer-
tainty about the benefits of lowering blood pressure in
pregnant women with mild pre-existing hypertension
stems from published trials that are too small to detect
a modest reduction in obstetrical complications.
While the goal of treating hypertension is to reduce
maternal risk, the agents selected must be efficacious
and safe for the fetus [308,309]. SBP > 170 or DBP >
110 mmHg in a pregnant woman should be considered
an emergency, and hospitalization is absolutely essen-
tial. Pharmacological treatment with intravenous labeta-
lol, or oral methyldopa, or nifedipine should be
considered. Intravenous hydralazine should no longer
be thought of as the drug of choice as its use is
associated with more perinatal adverse effects than
other drugs [310]. Otherwise, the thresholds at which to
start antihypertensive treatment are SBP of 140 mmHg
or DBP of 90 mmHg in women with gestational hyper-
tension without proteinuria or pre-existing hypertension
before 28 weeks’ gestation, those with gestational
hypertension and proteinuria or symptoms at any time
during the pregnancy, those with pre-existing hyper-
tension and underlying conditions of target organ
damage, and those with pre-existing hypertension and
superimposed gestational hypertension. The thresholds
in other circumstances are SBP of 150 mmHg and DBP
of 95 mmHg. For non-severe hypertension, methyldo-
pa, labetalol, calcium antagonists and -blockers are the
drugs of choice. -Blockers appear to be less effective
than calcium antagonists [310]. However, calcium an-
tagonists should not be given concomitantly with
magnesium sulphate (because there is a risk of hypo-
tension due to potential synergism). ACE inhibitors
and angiotensin II antagonists should not be used in
pregnancy. The plasma volume is reduced in pre-
eclampsia; diuretic therapy is therefore inappropriate
unless there is oliguria. Magnesium sulphate i.v. has
been proved effective in the prevention of eclampsia
and the treatment of seizures [311]. Induction of
delivery is appropriate in gestational hypertension with
proteinuria and adverse conditions such as visual dis-
turbances, coagulation abnormalities or fetal distress.
Breast-feeding does not increase BP in the nursing
mother. All antihypertensive agents taken by the
nursing mother are excreted into breast milk. Most of
the antihypertensive drugs are present at very low
concentrations, except for propranolol and nifedipine,
concentrations of which are similar in breast milk to
those in maternal plasma.
Resistant hypertension
Hypertension may be termed resistant to treatment, or
refractory, when a therapeutic plan that has included
attention to lifestyle measures and the prescription of
at least three drugs in adequate doses has failed to
lower systolic and diastolic blood pressure sufficiently.
In these situations, referral to a specialist should be
considered, as resistant hypertension is known to be
often associated with target organ damage [312].
There are many causes for resistance to treatment,
including cases of spurious hypertension, such as iso-
lated office (white-coat) hypertension, and failure to
use large cuffs on large arms. One of the most
important causes of refractory hypertension is poor
compliance or adherence to therapy, and in this situa-
tion, after all else fails, it can be helpful to suspend all
drug therapy under close medical supervision. A fresh
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Box 15 Causes of resistant hypertension
• Unsuspected secondary cause.
• Poor adherence to therapeutic plan.
• Continued intake of drugs that raise blood pres-
sure.
• Failure to modify lifestyle including:
– weight gain;
– heavy alcohol intake (NB binge drinking).
• Volume overload due to:
– inadequate diuretic therapy;
– progressive renal insufficiency;
– high sodium intake.
Causes of spurious resistant hypertension
• Isolated office (white-coat) hypertension.
• Failure to use large cuff on large arm.
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start with a new and simpler regimen may help break a
vicious cycle.
Treatment of associated risk factors
Lipid-lowering agents
Two trials – ALLHAT [313] and ASCOT [314] – have
recently evaluated the benefits associated with the use
of statins, specifically among patients with hyper-
tension. Prior to these recent trial results, other rando-
mized controlled trial data were available from analyses
of the hypertensive subgroups from lipid-lowering trials
in secondary [315–318] and primary prevention
[319,320] and from the largest statin trial, the Heart
Protection Study (HPS) [321], which included over
20 000 patients, most of whom had established vascular
disease. In the HPS 41% of the patients were hyper-
tensive, but 62% of the elderly patients in the PROS-
PER trial [322] were hypertensive. This trial, like HPS,
mainly included patients with established vascular dis-
ease. Analyses of the hypertensive subgroups from
these trials demonstrate that the benefits of lipid lower-
ing – primarily with statins – in terms of preventing
major coronary events are similar for hypertensive and
normotensive patients. Somewhat more surprising, in
view of the limited epidemiological association be-
tween serum cholesterol levels and stroke risk [323], is
the finding that in the statin trials stroke risk
was reduced by an average of 15 and 30% in primary
and secondary prevention settings, respectively [324].
ALLHAT compared the impact of 40 mg/day pravasta-
tin with usual care in over 10 000 hypertensive patients,
14% of whom had established vascular disease [313].
The differential effect of pravastatin on total and LDL
cholesterol (11 and 17% respectively) was smaller than
expected due to extensive statin use in the usual care
group and was associated with a modest, non-significant
9% reduction in fatal coronary heart disease and non-
fatal myocardial infarction, and 9% reduction in fatal
and non-fatal stroke. No impact on all-cause mortality
– the primary endpoint of the trial – was apparent
[313]. By contrast, the results of ASCOT [314], which
also included over 10 000 hypertensive patients, showed
highly significant cardiovascular benefits (36% reduc-
tion in the primary endpoint of total coronary heart
disease and non-fatal myocardial infarction and 27%
reduction in fatal and non-fatal stroke) associated with
the use of atorvastatin 10 mg/day compared with place-
bo in patients with total cholesterol < 6.5 mmol/l [314].
The apparent difference in effect seen in ALLHAT
and ASCOT probably reflects the greater relative
difference in total and LDL-cholesterol achieved
among the actively treated groups in ASCOT. Whilst
acknowledging the continuum of disease from primary
to secondary prevention, for simplicity, recommenda-
tions regarding the use of lipid-lowering therapy for
patients with hypertension may be subdivided into
those relating to secondary and to primary prevention.
Secondary prevention. Based on the HPS results [321],
all patients up to the age of at least 80 with total
cholesterol . 3.5 mmol/l (135 mg/dl) with active coron-
ary heart disease, peripheral arterial disease or a history
of ischaemic stroke, should receive lipid lowering with a
statin. In light of the high coronary event rates observed
among many patients with type 2 diabetes [321], and
the high long- and short-term fatality rates for such
patients [325], it is recommended that patients with type
2 diabetes – diagnosed at least 10 years ago and/or aged
50 years or more – should be considered as ‘coronary
heart disease risk equivalents’ [326] as far as lipid lower-
ing is concerned, and hence should be treated as for
secondary prevention. Other patients with type 2 dia-
betes should be considered as for primary prevention.
Therapy should be titrated so as to lower total or
LDL-cholesterol by 30 and 40%, respectively, and to
,4.0 mmol/l (155 mg/dl) and ,2.0 mmol/l (77 mg/dl)
respectively, whichever is the greater reduction.
Primary prevention. The use of statins should be based
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Box 16 Position statement: Treatment of
associated risk factors
Lipid-lowering agents
• All patients up to the age of 80 with active
coronary heart disease, peripheral arterial disease,
history of ischaemia, stroke and long-standing type
2 diabetes should receive a statin if their total
cholesterol is . 3.5 mmol/l (135 mg/dl), with the
goal of reducing it by about 30%.
• Patients without overt cardiovascular disease or
with recent-onset diabetes, whose estimated 10-
year cardiovascular risk is > 20% (‘high’ risk in
Table 2), should also receive a statin if their total
cholesterol is . 3.5 mmol/l (135 mg/dl).
Antiplatelet therapy
• Antiplatelet therapy, in particular low-dose aspirin,
should be prescribed to patients with previous
cardiovascular events, as it has been shown to
reduce the risk of stroke and myocardial infarction
(provided patients are not at an excessive risk of
bleeding).
• In hypertensive patients, low-dose aspirin has
been shown to be beneficial (reduction of myocar-
dial infarction greater than the risk of excess
bleeding) in patients older than 50 with an even
moderate increase in serum creatinine, or with a
10-year total cardiovascular risk > 20% (‘high’ risk
in Table 2).
• In hypertensives, low-dose aspirin administration
should be preceded by good blood pressure
control.
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on results of total risk assessment (see above). Rando-
mized placebo-controlled trial evidence has demon-
strated significant benefits of statin therapy among
normotensive and hypertensive adults with an estimated
mean 10-year coronary heart disease risk of as low as 6%
[320]. However, in several European countries the ma-
jority of adults over the age of 40 are at or above a 6%
10-year coronary heart disease risk, and consequently it
is not financially feasible nor conceptually ideal to treat
all people at and above this level of risk. The HPS [321]
included only 1% of patients who were hypertensive but
did not have either a history of a cardiovascular event,
active vascular disease, and/or diabetes, and hence does
not provide a robust database on which to base recom-
mendations for primary prevention of cardiovascular
disease in hypertensive patients. However, in view of
the results of ASCOT [314] and other currently available
trial data [320] it seems reasonable to treat all those
patients at least up to the age of 80 years with a total
cholesterol . 3.5 mmol/l (135 mg/dl) who have an esti-
mated 10-year cardiovascular risk of 20% or more (see
above) with a statin. It should be recognised that earlier
European guidelines [4], recommending a total choles-
terol threshold . 5 mmol/l (193 mg/dl), have yet to be
incorporated in practice, and hence it could be argued
that there is little point making more aggressive treat-
ment recommendations. However, in acknowledgement
of the advances in evidence-base, these guidelines have
lowered thresholds and targets for lipid-lowering treat-
ment.
Target levels should be as for secondary prevention.
The vast majority of patients will reach recommended
total cholesterol or LDL cholesterol targets using statin
drugs at appropriate doses in combination with non-
pharmacological measures [327]. For patients who do
not reach targets, or whose HDL-cholesterol or trigly-
ceride levels remain abnormal (e.g. ,1.0 mmol/l,
.2.3 mmol/l, respectively) despite reaching LDL tar-
gets, referral to lipid specialists may be indicated for
consideration of the addition of fibrate or other therapy.
It remains to be seen whether in those patients, such as
many type 2 diabetics, whose primary lipid abnormality
is a low HDL-cholesterol and raised triglycerides, the
use of a fibrate might be preferable to a statin. However,
pending future evidence, statins at suitable doses
should still be the drugs of choice in these patients also.
Antiplatelet therapy
Antiplatelet therapy, in particular low-dose aspirin, has
been shown to reduce the risk of stroke and myocardial
infarction when given to patients with previous cardio-
vascular events or at high cardiovascular risk [328].
Evidence about benefits and possible harms of adminis-
tering low-dose aspirin to hypertensive patients was
obtained from the HOT study [160], which showed a
significant 15% reduction in major cardiovascular
events, and a 36% reduction in acute myocardial infarc-
tion, with no effect on stroke (but no increased risk of
intracerebral haemorrhage). However, these benefits
were accompanied by a 65% increased risk of major
haemorrhagic events. Subgroup analyses of the HOT
data [329] indicates which groups of hypertensive pa-
tients are likely to have greater absolute benefits than
harms. Patients with serum creatinine . 115 mol/l
(.1.3 mg/dl) had a significantly greater reduction of
cardiovascular events and myocardial infarction (13
and –7 events/1000 patient-years), while risk of bleed-
ing was not significantly different between subgroups
(1–2 bleeds/1000 patient-years). In addition to patients
with higher creatinine, a favourable balance between
benefits and harm of aspirin was found in subgroups of
patients at higher total baseline risk, and higher base-
line systolic or diastolic blood pressure (benefit, –3.1 to
3.3 cardiovascular events; harm, 1.0–1.4 bleeds/1000
patient-years). These observations are in line with those
of two recent meta-analyses of primary prevention stud-
ies, also including non-hypertensive patients [330,331].
In summary, definite recommendations may be given
to use low-dose aspirin in hypertensive patients with a
moderate increase in serum creatinine, and low-dose
aspirin can also be considered in hypertensive patients
above age 50 years at high or very high total cardio-
vascular risk or with higher initial blood pressure
values. It should be underlined that aspirin benefits
were seen in patients with very good blood pressure
control (practically all patients in the HOT study had
diastolic blood pressure < 90 mmHg), and it is possible
that the good blood pressure control was instrumental
in avoiding an increment in intracerebral haemorrhage.
Therefore, aspirin should be prescribed only when
reasonable blood pressure control has been achieved.
Glycaemic control
Concentrations of fasting glucose or haemoglobin A1c
(HbA1c) just above the normal range are associated with
an increased cardiovascular risk [332–334]. A reduction
in cardiovascular events can therefore be anticipated in
response to an improvement in glucose control. In
patients with type 1 diabetes, although intensive care
(providing a mean HbA1c of 7%) does not seem to be
better than standard care (providing a mean HbA1c of
9%) in the prevention of macrovascular complications,
it decreases significantly the rate and the progression of
microvascular complications (retinopathy, nephropathy,
neuropathy) [335]. Hypertensive patients with type 2
diabetes also benefit from intensive blood glucose
control mostly in terms of microvascular complications
[334]. A direct association exists between these compli-
cations and the mean HbA1c, with no indication of a
threshold of HbA1c values below which the risk no
longer decreases. The treatment goals are set to
< 6.0 mmol/l (110 mg/dl) for plasma preprandial glu-
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cose concentrations (average of several measurements),
and at less than < 6.5% for HbA1c [336].
Follow-up
The frequency of follow-up visits will depend on the
overall risk category of the patient, as well as on the
level of blood pressure. Once the goals of therapy have
been reached, including the control of other risk factors
and the achievement of goal blood pressure, the fre-
quency of visits can be reduced considerably, particu-
larly if self-measurement of blood pressure at home is
encouraged. New technologies for tele-transmission of
home blood pressure values to the physician’s office
may further assist more effective follow-up. Patients
with a low risk profile and milder degrees of blood
pressure elevation (high normal or grade 1), managed on
a single drug, could well be seen every 6 months. It is
important that patients not on drug treatment under-
stand the need for monitoring and follow-up and for
periodic reconsideration of the need for drug treatment.
In more complex cases, patients should be seen at more
frequent intervals. If the therapeutic goals, including
the control of blood pressure, have not been reached
within 6 months, the physician should consider referral
to a hypertension specialist. Antihypertensive therapy is
generally for life. Cessation of therapy by patients who
have been correctly diagnosed as hypertensive is usually
followed, sooner or later, by the return of blood pressure
to pretreatment levels. Nevertheless, after prolonged
blood pressure control, it may be possible to attempt a
careful progressive reduction in the dose or number of
drugs used, particularly among patients strictly observ-
ing lifestyle (non-drug) measures. Such attempts to ‘step
down’ treatment should be accompanied by careful
continued supervision of the blood pressure.
Implementation of guidelines: Closing the
gap between experts’ recommendations and
poor blood pressure control in medical
practice
Despite major efforts to diagnose and to treat hyper-
tension, this condition remains worldwide a leading
cause of cardiovascular morbidity and mortality [337],
and goal blood pressure levels are seldom achieved
[9,255,338–340]. It is therefore highly desirable to
improve this unsatisfactory delivery of care. In the field
of hypertension an increasing number of clinical trials
allow the formulation of guidelines to support a more
effective strategy. The availability of guidelines should
not only help clinicians to take decisions in everyday
practice, but also make the health authorities in all
countries aware of the critical points to consider in
order to improve hypertension management. The ex-
perience accumulated so far suggests that the impact of
guidelines in changing clinical practice is rather small
[341]. Multifaceted interventions are required to imple-
ment guidelines successfully, going from the dissemina-
tion of recommendations to educational programmes at
the practice site [341,342]. This requires the participa-
tion of all professionals involved in health care, from
governmental level to the individual physician. Conse-
quently, broad acceptance of the present guidelines by
national hypertension societies and leagues is a prere-
quisite to promoting behavioural changes in practice
and, thereby, improving patient outcomes. In this con-
text, the present guidelines have been prepared in
concert with the Third Joint Task Force of European
and other Societies on Cardiovascular Disease Preven-
tion, in view of their incorporation in the comprehen-
sive guidelines on prevention of cardiovascular diseases
in clinical practice these societies are preparing.
References
Key to references
CT, controlled trial; GL, guidelines/experts’ opinion;
MA, meta-analysis; OS, observational study; RT, rando-
mised trial; RV, review.
1 Guidelines Sub-Committee. 1993 Guidelines for the management of
mild hypertension: memorandum from a World Health Organization/
International Society of Hypertension meeting. J Hypertens 1993;
11:905–918. GL
2 Guidelines Sub-Committee. 1999 World Health Organization–Interna-
tional Society of Hypertension guidelines for the management of hyper-
tension. J Hypertens 1999; 17:151–183. GL
3 Pyo¨ra¨la¨ K, De Backer G, Graham I, Poole-Wilson P, Wood D. Preven-
tion of coronary heart disease in clinical practice. Recommendations of
the Task Force of the European Society of Cardiology, European
Atherosclerosis Society and European Society of Hypertension. Eur
Heart J 1994; 15:1300–1331. GL
4 Wood D, De Backer G, Faergeman O, Graham I, Mancia G, Pyo¨ra¨la¨ K.
Prevention of coronary heart disease in clinical practice. Recommenda-
tions of the Second Joint Task Force of European and other Societies
on Coronary Prevention. Eur Heart J 1998; 19:1434–1503. GL
5 Collins R, Peto R, MacMahon S, Herbert P, Fieback NH, Eberlein KA,
et al. Blood pressure, stroke, and coronary heart disease. Part 2, Short-
term reductions in blood pressure: overview of randomised drug trials in
their epidemiological context. Lancet 1990; 335:827–839. MA
6 MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, et al.
Blood pressure, stroke, and coronary heart disease. Part 1, Prolonged
differences in blood pressure: prospective observational studies cor-
rected for the regression dilution bias. Lancet 1990; 335:765–774. MA
7 Prospective Studies Collaboration. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual data
for one million adults in 61 prospective studies. Lancet 2002;
360:1903–1913. MA
8 Kjeldsen SE, Julius S, Hedner T, Hansson L. Stroke is more common
than myocardial infarction in hypertension: analysis based on 11 major
randomized intervention trials. Blood Press 2001; 10:190–192. RV
9 Primatesta P, Brookes M, Poulter NR. Improved hypertension manage-
ment and control. Results from the Health Survey for England 1998.
Hypertension 2001; 38:827–832.
10 O’Rourke MF. From theory into practice. Arterial hemodynamics in
clinical hypertension. J Hypertens 2002; 20:1901–1915. OS
11 Millar JA, Lever AF, Burke A. Pulse pressure as a risk factor for
cardiovascular events in the MRC Mild Hypertension Trial. J Hypertens
1999; 17:1065–1072. OS
12 Franklin S, Khan SA, Wong DA, Larson MG, Levy D. Is pulse pressure
useful in predicting risk for coronary heart disease? The Framingham
Heart Study. Circulation 1999; 100:354–360. OS
13 Franklin S, Larson MG, Khan SA, Wong ND, Leip EP, Kannel WB, Levy
D. Does the relation of blood pressure to coronary heart disease risk
change with aging? The Framingham Heart Study. Circulation 2001;
103:1245–1249. OS
14 Benetos A, Zureik M, Morcet J, Thomas F, Bean K, Safar M, et al.
A decrease in diastolic blood pressure combined with an increase in
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1044 Journal of Hypertension 2003, Vol 21 No 6
systolic blood pressure is associated with a higher cardiovascular
mortality in men. J Am Coll Cardiol 2000; 35:673–680. OS
15 SHEP Collaborative Research Group. Prevention of stroke by antihyper-
tensive drug treatment in older persons with isolated systolic hyper-
tension: final results of the Systolic Hypertension in the Elderly Program
(SHEP). JAMA 1991; 265:3255–3264. RT
16 Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenha¨ger
WH, et al. for the Systolic Hypertension in Europe (Syst-Eur) Trial
Investigators. Randomised double-blind comparison of placebo and
active treatment for older patients with isolated systolic hypertension.
Lancet 1997; 350:757–764. RT
17 Evans JG, Rose G. Hypertension. Br Med Bull 1971; 27:37–42. RV
18 Zanchetti A, Mancia G. Editor’s Corner. New year, new challenges.
J Hypertens 2003; 21:1–2.
19 Meigs JB, D’Agostino RB Sr, Wilson PW, Cupples LA, Nathan DM,
Singer DE. Risk variable clustering in the insulin resistance syndrome.
The Framingham Offspring Study. Diabetes 1997; 46:1594–1600. OS
20 Zanchetti A. The hypertensive patient with multiple risk factors: is
treatment really so difficult? Am J Hypertens 1997; 10:223S–229S.
21 Stamler J, Wentworth D, Neaton JD. Is relationship between serum
cholesterol and risk of premature death from coronary heart disease
continuous and graded? Findings in 356,222 primary screenees of the
Multiple Risk Factor Intervention Trial (MRFIT). JAMA 1986; 256:2823–
2828. OS
22 Jackson R. Updated New Zealand cardiovascular disease risk–benefit
prediction guide. BMJ 2000; 320:709–710. OS
23 Anderson KM, Wilson PW, Odell PM, Kannel WB. An updated coronary
risk profile. A statement for health professionals. Circulation 1991;
83:356–362. OS
24 Haq IU, Ramsay LE, Yeo WW, Jackson PR, Wallis EJ. Is the Framing-
ham risk function valid for northern European populations? A compari-
son of methods for estimating absolute coronary risk in high risk men.
Heart 1999; 81:40–46. OS
25 Menotti A, Puddu PE, Lanti M. Comparison of the Framingham risk
function-based coronary chart with risk function from an Italian popu-
lation study. Eur Heart J 2000; 21:365–370. OS
26 Menotti A, Lanti M, Puddu PE, Carratelli L, Mancini M, Motolese M, et al.
An Italian chart for cardiovascular risk prediction. Its scientific basis.
Ann Ital Med Int 2001; 16:240–251. OS
27 Rodes A, Sans S, Balana LL, Paluzie G, Aguilera R, Balaguer-Vintro I.
Recruitment methods and differences in early, late and non-respondents
in the first MONICA–Catalonia population survey. Rev Epidemiol Sante´
Publique 1990; 38:447–453. OS
28 Schroll M, Jorgensen T, Ingerslev J. The Glostrup Population Studies,
1964–1992. Dan Med Bull 1992; 39:204–207. OS
29 Keil U, Liese AD, Hense HW, Filipiak B, Doring A, Stieber J, Lowel H.
Classical risk factors and their impact on incident non-fatal and fatal
myocardial infarction and all-cause mortality in southern Germany.
Results from the MONICA Augsburg cohort study 1984–1992. Mon-
itoring Trends and Determinants in Cardiovascular Diseases. Eur Heart
J 1998; 19:1197–1207. OS
30 Tunstall-Pedoe H, Woodward M, Tavendale R, Brook R, McCluskey MK.
Comparison of the prediction by 27 different factors of coronary heart
disease and death in men and women of the Scottish heart health
study: cohort study. BMJ 1997; 315:722–729. OS
31 Vartiainen E, Jousilahti P, Alfthan G, Sundvall J, Pietinen P, Puska P.
Cardiovascular risk factor changes in Finland, 1972–1997. Int J
Epidemiol 2000; 29:49–56. OS
32 Pocock SJ, Cormack VMc, Gueyffier F, Boutitie F, Fagard RH, Boissel
JP. A score for predicting risk of death from cardiovascular disease in
adults with raised blood pressure, based on individual patient data from
randomised controlled trials. BMJ 2001; 323:75–81. OS
33 Conroy RM, Pyo¨ra¨la¨ K, Fitzgerald AP, Sans S, Menotti A, De Backer G,
et al. on behalf of the SCORE project group. Prediction of ten-year risk
of fatal cardiovascular disease in Europe: the SCORE project. Eur Heart
J 2003 (in press). OS
34 Simpson FO. Guidelines for antihypertensive therapy: problems with a
strategy based on absolute cardiovascular risk. J Hypertens 1996;
14:683–689.
35 Zanchetti A. Antihypertensive therapy. How to evaluate the benefits. Am
J Cardiol 1997; 79:3–8.
36 Franklin SS, Wong ND. Cardiovascular risk evaluation: an inexact
science. J Hypertens 2002; 20:2127–2130.
37 Reaven G. Metabolic syndrome: pathophysiology and implications for
management of cardiovascular disease. Circulation 2002; 106:286–
288.
38 Tuomilehto J, Rastenyte D, Birkenha¨ger WH, Thijs L, Antikanen R,
Bulpitt CJ, et al. Effects of calcium channel blockade in older patients
with diabetes and systolic hypertension. N Engl J Med 1999; 340:
677–684. RT
39 Zanchetti A, Hansson L, Dahlo¨f B, Elmfeldt D, Kjeldsen S, Kolloch R, et
al. Effects of individual risk factors on the incidence of cardiovascular
events in the treated hypertensive patients of the Hypertension Optimal
Treatment Study. HOT Study Group. J Hypertens 2001; 19:1149–
1159. OS
40 Ruilope LM, Salvetti A, Jamerson K, Hansson L, Warnold I, Wedel H,
Zanchetti A. Renal function and intensive lowering of blood pressure in
hypertensive participants of the Hypertension Optimal Treatment (HOT)
study. J Am Soc Nephrol 2001; 12:218–225. RT
41 Ridker PM. Clinical application of C-reactive protein for cardiovascular
disease detection and prevention. Circulation 2003; 107:363–369. RV
42 Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the
metabolic syndrome, and risk of incident cardiovascular events: an
8-year follow-up of 14 719 initially healthy American women. Circulation
2003; 107:391–397. OS
43 Cuspidi C, Macca G, Salerno M, Michev L, Fusi V, Severgnini B, et al.
Evaluation of target organ damage in arterial hypertension: which role
for qualitative funduscopic examination? Ital Heart J 2001; 2:702–706.
OS
44 Yikona JI, Wallis EJ, Ramsay LE, Jackson PR. Coronary and cardio-
vascular risk estimation in uncomplicated mild hypertension. A compari-
son of risk assessment methods. J Hypertens 2002; 20:2173–2182.
OS
45 Cuspidi C, Ambrosioni E, Mancia G, Pessina AC, Trimarco B, Zanchetti
A. Role of echocardiography and carotid ultrasonography in stratifying
risk in patients with essential hypertension: the Assessment of
Prognostic Risk Observational Survey. J Hypertens 2002; 20:
1307–1314. OS
46 Chalmers JP, Zanchetti A (co-chairmen). Hypertension control. Report
of a WHO expert committee. Geneva: World Health Organization;
1996. GL
47 Mancia G, Parati G, Di Rienzo M, Zanchetti A. Blood pressure variability.
In: Zanchetti A, Mancia G (editors): Handbook of hypertension:
pathophysiology of hypertension. Amsterdam: Elsevier Science; 1997,
pp. 117–169. RV
48 O’Brien E, Asmar R, Beilin L, Imai Y, Mancia G, Mengden T, et al. on
behalf of the European Society of Hypertension Working Group on
Blood Pressure Monitoring. European Society of Hypertension recom-
mendations for conventional, ambulatory and home blood pressure
measurement. J Hypertens 2003; 21:821–848. GL
49 O’Brien E, Waeber B, Parati G, Staessen J, Myers MG. Blood pressure
measuring devices: recommendations of the European Society of
Hypertension. BMJ 2001; 322:531–536. GL
50 Mancia G, Parati G. Ambulatory blood pressure monitoring and organ
damage. Hypertension 2000; 36:894–900. RV
51 Mancia G, Zanchetti A, Agabiti-Rosei E, Benemio G, De Cesaris R,
Fogari R, et al. Ambulatory blood pressure is superior to clinic blood
pressure in predicting treatment induced regression of left ventricular
hypertrophy. Circulation 1997; 95:1464–1470. OS
52 Fagard RH, Staessen JA, Thijs L. Prediction of cardiac structure and
function by repeated clinic and ambulatory blood pressure. Hyper-
tension 1997; 29:22–29. OS
53 Verdecchia P, Schillaci G, Guerrieri M, Gatteschi C, Benemio G,
Boldrini F, et al. Circadian blood pressure changes and left ventricular
hypertrophy in essential hypertension. Circulation 1990; 81: 528–536.
OS
54 Mancia G, Parati G, Hennig M, Flatau B, Omboni S, Glavina F, et al.
Relation between blood pressure variability and carotid artery damage in
hypertension: baseline data from the European Lacidipine Study on
Atherosclerosis (ELSA). J Hypertens 2001; 19:1981–1989. OS
55 Imai Y, Ohkubo T, Sakuma M, Tsuji I, Satoh H, Nagai K, et al. Predictive
power of screening blood pressure, ambulatory blood pressure and
blood pressure measured at home for overall and cardiovascular
mortality: a prospective observation in a cohort from Ohasama, Northern
Japan. Blood Press Monit 1996; 1:251–254. OS
56 Ohkubo T, Imai Y, Tsuji I, Nagai K, Kato J, Kikuchi N, et al. Home blood
pressure measurement has a stronger predictive power for mortality
than does screening blood pressure measurement: a population-based
observation in Ohasama, Japan. J Hypertens 1998; 16:971–975. OS
57 Staessen JA, Thijs L, Fagard R, O’Brien E, Cle´ment D, de Leeuw PW,
et al. Predicting cardiovascular risk using conventional vs ambulatory
blood pressure in older patients with systolic hypertension. JAMA 1999;
282:539–546. OS
58 Robinson TG, Dawson SN, Ahmed U, Manktelow B, Fortherby MD,
Potter JF. Twenty-four hour systolic blood pressure predicts long-term
mortality following acute stroke. J Hypertens 2001; 19:2127–2134. OS
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
2003 Guidelines for Management of Hypertension 1045
59 Parati G, Pomidossi G, Casadei V, Mancia G. Lack of alerting reactions
and pressor responses to intermittent cuff inflations during non-invasive
blood pressure monitoring. Hypertension 1985; 7:597–601.
60 Mancia G, Omboni S, Parati G, Ravogli A, Villani A, Zanchetti A. Lack of
placebo effect on ambulatory blood pressure. Am J Hypertens 1995;
8:311–315.
61 Coats AJS, Radaelli A, Clark SJ, Conway J, Sleight P. The influence of
ambulatory blood pressure monitoring. The design and interpretation of
trials in hypertension. J Hypertension 1992; 10:385–391.
62 Mancia G, Ulian L, Parati G, Trazzi S. Increase in blood pressure
reproducibility by repeated semi-automatic blood pressure measure-
ments in the clinic environment. J Hypertens 1994; 12:469–473.
63 Ohkubo T, Imai Y, Tsuji I, Nagai K, Watanabe N, Minami N, et al.
Relation between nocturnal decline in blood pressure and mortality. The
Ohasama Study. Am J Hypertens 1997; 10:1201–1207. OS
64 Staessen J, Fagard RH, Lijnen PJ, Van Hoof R, Amery AK. Mean and
range of the ambulatory pressure in normotensive subjects from a meta-
analysis of 23 studies. Am J Cardiol 1991; 67:723–727. MA
65 Mancia G, Sega R, Bravi C, De Vito G, Valagussa F, Cesana G, et al.
Ambulatory blood pressure normality: results from the PAMELA Study.
J Hypertens 1995; 13:1377–1390. OS
66 Ohkubo T, Imai Y, Tsuji I, Nagai K, Ito S, Satoh H, Hisamichi S.
Reference values for 24-hour ambulatory blood pressure monitoring
based on a prognostic criterion: the Ohasama Study. Hypertension
1998; 32:255–259. OS
67 Sakuma M, Imai Y, Nagai K, Watanabe N, Sakuma H, Minami N, et al.
Reproducibility of home blood pressure measurements over a 1-year
period. Am J Hypertens 1997; 10:798–803. OS
68 Zarnke KB, Feagan BG, Mahon JL, Feldman RD. A randomized study
comparing a patient-directed hypertension management strategy with
usual office-based care. Am J Hypertens 1997; 10:58–67. RT
69 Mengden T, Vetter H, Tisler A, Illyes M. Tele-monitoring of home blood
pressure. Blood Press Monit 2001; 6:185–189.
70 Fagard R, Pardaens K, Staessen J, Thijs L, Amery A. Prognostic value of
invasive hemodynamic measurements at rest and during exercise.
Hypertension 1996; 26:31–36. OS
71 Mundal R, Kjeldsen SE, Sandvik L, Erikssen G, Thaulow E, Erikssen J.
Exercise blood pressure predicts mortality from myocardial infarction.
Hypertension 1996; 27:324–329. OS
72 Kjeldsen SE, Mundal R, Sandvik L, Erikssen G, Thaulow E, Erikssen J.
Supine and exercise systolic blood pressure predict cardiovascular
death in middle-aged men. J Hypertens 2001; 19:1343–1348. OS
73 Fagard RH, Pardaens K, Staessen JA, Thijs L. Should exercise blood
pressure be measured in clinical practice? J Hypertens 1998;
16:1215–1217.
74 Harshfield GA, James GD, Schlussel Y, Yee LS, Blank SG, Pickering
TG. Do laboratory tests of blood pressure reactivity predict blood
pressure changes during everyday life? Am J Hypertens 1988; 1:
168–174. OS
75 Pickering T, James GD, Boddie C, Harshfield GA, Blank S, Laragh JH.
How common is white coat hypertension? JAMA 1988; 259:225–228.
OS
76 Parati G, Ulian L, Santucci C, Omboni S, Mancia G. Difference between
clinic and daytime blood pressure is not a measure of the white coat
effect. Hypertension 1998; 31:1185–1189.
77 Pickering TG, Coats A, Mallion JM, Mancia G, Verdecchia P. Task Force
V. White-coat hypertension. Blood Press Monit 1999; 4:333–341. GL
78 Sega R, Trocino G, Lanzarotti A, Carugo S, Cesana G, Schiavina R,
et al. Alterations of cardiac structure in patients with isolated office,
ambulatory or home hypertension. Data from the general PAMELA
population. Circulation 2001; 104:1385–1392. OS
79 Wing LMH, Brown MA, Beilin LJ, Ryan P, Reid C. Reverse white coat
hypertension in older hypertensives. J Hypertens 2002; 20:639–644.
OS
80 Liu JE, Roman MJ, Pini R, Schwartz JE, Pickering TG, Devereux RB.
Cardiac and arterial target organ damage in adults with elevated
ambulatory and normal office blood pressure. Ann Intern Med 1999;
131:564–572. OS
81 The Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus. Report of the Expert Committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care 1997; 20:
1183–1197. GL
82 Alberti KG, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications. Part 1: diagnosis and classifica-
tion of diabetes mellitus provisional report of a WHO consultation.
Diabet Med 1998; 15:539–553. GL
83 Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB.
Prognostic implications of baseline electrocardiographic features and
their serial changes in subjects with left ventricular hypertrophy. Circula-
tion 1994; 90:1786–1793. OS
84 Devereux RB, Palmieri V, Liu JE, Wachtell K, Bella JN, Boman K, et al.
Progressive hypertrophy regression with sustained pressure reduction in
hypertension: the Losartan Intervention for Endpoint Reduction study.
J Hypertens 2002; 20:1445–1450. OS
85 Reichek N, Devereux RB. Left ventricular hypertrophy: relationship of
anatomic, echocardiographic and electrocardiographic findings. Circula-
tion 1981; 63:1391–1398. OS
86 Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic
implications of echocardiographically determined left ventricular mass in
the Framingham Heart Study. N Engl J Med 1990; 322:1561–1566. OS
87 Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I,
Reichek N. Echocardiographic assessment of left ventricular hypertro-
phy: comparison to necropsy findings. Am J Cardiol 1986; 57:
450–458.
88 Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH. Relation of
left ventricular mass and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann Intern Med 1991;
114:345–352. OS
89 Ciulla M, Paliotti R, Hess DB, Tjahja E, Campbell SE, Magrini F, Weber
KT. Echocardiographic patterns of myocardial fibrosis in hypertensive
patients: endomyocardial biopsy versus ultrasonic tissue characteriza-
tion. J Am Soc Echocardiogr 1997; 10:657–664.
90 Hoyt RM, Skorton DJ, Collins SM, Melton HE. Ultrasonic backscatter
and collagen in normal ventricular myocardium. Circulation 1984;
69:775–782.
91 de Simone G, Devereux RB, Koren MJ, Mensah GA, Casale PN, Laragh
JH. Midwall left ventricular mechanics. An independent predictor of
cardiovascular risk in arterial hypertension. Circulation 1996;
93:259–265. OS
92 Aurigemma GP, Gottdiener JS, Shemanski L, Gardin J, Kitzman D.
Predictive value of systolic and diastolic function for incident congestive
heart failure in the elderly: The Cardiovascular Health Study. J Am Coll
Cardiol 2001; 37:1042–1048. OS
93 Working Group Report. How to diagnose diastolic heart failure.
European Study on Diastolic Heart Failure. Eur Heart J 1998;
19:990–1003. GL
94 Simon A, Gariepy J, Chironi G, Megnien J-L, Levenson J. Intima–media
thickness: a new tool for diagnosis and treatment of cardiovascular risk.
J Hypertens 2002; 20:159–169. RV
95 Salonen JT, Salonen R. Ultrasound B-mode imaging in observational
studies of atherosclerotic progression. Circulation 1993; 87 (suppl
II):II56–II65. OS
96 Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common
carotid intima-media thickness and risk of stroke and myocardial
infarction: The Rotterdam Study. Circulation 1997; 96:1432–1437. OS
97 Hodis HN, Mack WJ, LaBree L, Selzer RH, Liu CR, Liu CH, Azen SP.
The role of carotid arterial intima–media thickness in predicting clinical
coronary events. Ann Intern Med 1998; 128:262–269. OS
98 Zanchetti A, Agabiti Rosei E, Dal Palu C, Leonetti G, Magnani B,
Pessina A. The Verapamil in Hypertension and Atherosclerosis Study
(VHAS): results of long-term randomized treatment with either verapamil
or chlorthalidone on carotid intima-media thickness. J Hypertens 1998;
16:1667–1676. RT
99 O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK
Jr. Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults. Cardiovascular Health
Study Collaborative Research Group. N Engl J Med 1999; 340:14–22.
OS
100 Zanchetti A, Bond MG, Hennig M, Neiss A, Mancia G, Dal Palu` C, et al.
Calcium antagonist lacidipine slows down progression of asymptomatic
carotid atherosclerosis: Principal results of the European Lacidipine
Study on Atherosclerosis (ELSA), a randomized, double-blind, long-term
trial. Circulation 2002; 106:2422–2427. RT
101 Benetos A, Safar M, Rudnich A, Smulyan H, Richard JL, Ducimetie`re P,
Guize L. Pulse pressure: a predictor of long-term cardiovascular
mortality in a French male population. Hypertension 1997;
30:1410–1415. OS
102 Safar ME, Frohlich ED. The arterial system in hypertension: a prospec-
tive view. Hypertension 1995; 26:10–14. RV
103 Giannattasio C, Mancia G. Arterial distensibility in humans. Modulating
mechanisms, alterations in diseases and effects of treatment. J Hyper-
tens 2002; 20:1889–1900. RV
104 Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, et al.
Aortic stiffness is an independent predictor of all-cause and cardio-
vascular mortality in hypertensive patients. Hypertension 2001;
37:1236–1241. OS
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1046 Journal of Hypertension 2003, Vol 21 No 6
105 Pauca AL, O’Rourke MF, Kon ND. Prospective evaluation of a method
for estimating ascending aortic pressure from the radial artery pressure
waveform. Hypertension 2001; 38:932–937.
106 Safar ME, Blacher J, Pannier B, Guerin AP, Marchais SJ, Guyonvarc’h
PM, London GM. Central pulse pressure and mortality in end-stage
renal disease. Hypertension 2002; 39:735–738. OS
107 Panza JA, Quyyumi AA, Brush JE Jr, Epstein SE. Abnormal endothelium-
dependent vascular relaxation in patients with essential hypertension.
N Engl J Med 1990; 323:22–27.
108 Lu¨scher TF, Vanhoutte PM. The endothelium: modulator of cardio-
vascular function. BocaRaton, Florida: CRC Press; 1990. RV
109 Taddei S, Salvetti A. Endothelial dysfunction in essential hypertension:
clinical implications. J Hypertens 2002; 20:1671–1674. RV
110 Drexler H. Endothelial dysfunction: clinical implications. Prog Cardiovasc
Dis 1997; 39:287–324. RV
111 Culleton BF, Larson MG, Wilson PW, Evans JC, Parfrey PS, Levy D.
Cardiovascular disease and mortality in a community-based cohort with
mild renal insufficiency. Kidney Int 1999; 56:2214–2219. OS
112 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999; 130:461–470. OS
113 Messerli FH, Frohlich ED, Dreslinski GR, Suarez DH, Aristimuno GG.
Serum uric acid in essential hypertension: an indicator of renal vascular
involvement. Ann Intern Med 1980; 93:817–821. OS
114 Ruilope LM, Rodicio JL. Clinical relevance of proteinuria and microalbu-
minuria. Curr Opin Nephrol Hypertens 1993; 2:962–967. RV
115 Mogensen CE. Microalbuminuria and hypertension with focus on type 1
and 2 diabetes. J Intern Med 2003; 254: (in press). RV
116 Redon J, Williams B. Microalbuminuria in essential hypertension: redefin-
ing the threshold. J Hypertens 2002; 20:353–355.
117 Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf B, et al.
Albuminuria and risk of cardiovascular events, death, and heart failure in
diabetic and nondiabetic individuals. JAMA 2001; 286:421–426. OS
118 Jensen JS, Feldt-Rasmussen B, Strandgaard S, Schroll M, Borch-
Johnsen K. Arterial hypertension, microalbuminuria, and risk of ischemic
heart disease. Hypertension 2000; 35:898–903. OS
119 Bigazzi R, Bianchi S, Baldari D, Campese VM. Microalbuminuria
predicts cardiovascular events and renal insufficiency in patients with
essential hypertension. J Hypertens 1998; 16:1325–1333. OS
120 Hillege HL, Fidler V, Diercks GFH, van Gilst WH, de Zeeuw D, van
Veldhuisen DJ, et al. for the Prevention of Renal and Vascular End Stage
Disease (PREVEND) Study Group. Urinary albumin excretion predicts
cardiovascular and noncardiovascular mortality in general population.
Circulation 2002; 106:1777–1782. OS
121 Manjunath G, Tighiouart H, Ibrahim H, MacLeod B, Salem DN, Griffith
JL, et al. Level of kidney function as a risk factor for atherosclerotic
cardiovascular outcomes in the community. J Am Coll Cardiol 2003;
41:47–55. RV
122 Ruilope LM, van Veldhuisen DJ, Ritz E, Lu¨scher TF. Renal function: the
Cinderella of cardiovascular risk profile. J Am Coll Cardiol 2001;
38:1782–1787. RV
123 Houlihan CA, Tsalamandris C, Akdeniz A, Jerums G. Albumin to
creatinine ratio: a screening test with limitations. Am J Kidney Dis 2002;
39:1183–1189.
124 Keith NH, Wagener HP, Barker MW. Some different types of essential
hypertension: their course and prognosis. Am J Med Sci 1939;
197:332–343. OS
125 Stanton A. Ocular damage in hypertension. In: Zanchetti A, Hansson L,
Rodicio JL (editors): Hypertension. London: McGraw-Hill International;
2001, pp. 73–78. RV
126 Minematsu K, Omae T. Detection of damage to the brain. In: Zanchetti
A, Hansson L, Rodicio JL (editors): Hypertension. London: McGraw Hill
International; 2001, pp. 63–71. RV
127 Price TR, Manolio TA, Kronmal RA, Kittner SJ, Yue NC, Robbins J, et al.
Silent brain infarction on magnetic resonance imaging and neurological
abnormalities in community-dwelling older adults: the Cardiovascular
Health Study. Stroke 1997; 28:1158–1164. OS
128 Liao D, Cooper L, Cai J, Toole JF, Bryan NR, Richard G, et al. Presence
and severity of cerebral white matter lesions and hypertension, its
treatment, and its control: The ARIC Study. Stroke 1996; 27:
2262–2270. OS
129 Skoog I, Lernfelt B, Landahl S, Palmertz B, Andreasson LA, Nilsson L,
et al. 15-year longitudinal study of blood pressure and dementia. Lancet
1996; 347:1141–1145. OS
130 Kilander L, Nyman H, Boberg M, Hansson L, Lithell H. Hypertension is
related to cognitive impairment: A 20-year follow-up of 999 men.
Hypertension 1998; 31:780–786. OS
131 Campos C, Segura J, Rodicio JL. Investigations in secondary hyper-
tension: renal disease. In: Zanchetti A, Hansson L, Rodicio JL (editors):
Hypertension. London: McGraw Hill International; 2001, pp. 119–126.
RV
132 Keane WF, Eknoyan G. Proteinuria, albuminuria, risk assessment,
detection, elimination (PARADE): a position paper of the National
Kidney Foundation. Am J Kidney Dis 1999; 33:1004–1010. GL
133 Ko¨ler H, Wandel E, Brunck B. Acanthocyturia – a characteristic marker
for glomerular bleeding. Kidney Int 1991; 40:115–120. OS
134 Krumme W, Blum U, Schwertfeger E, Flu¨gel P, Ho¨llstin F, Schollmeyer
P, Rump LC. Diagnosis of renovascular disease by intra- and extrarenal
Doppler scanning. Kidney Int 1996; 50:1288–1292. OS
135 Bloch MJ, Pickering TG. Diagnostic strategies in renovascular hyper-
tension. In: Zanchetti A, Hansson L, Rodicio JL (editors): Hypertension.
London: McGraw Hill International; 2001, pp. 87–97. RV
136 Vasbinder BGC, Nelemans PJ, Kessels AGH, Kroon AA, De Leeuw
PW, van Engelshoven JMA. Diagnostic tests for renal artery stenosis in
patients suspected of having renovascular hypertension: a meta-analy-
sis. Ann Intern Med 2001; 135:401–411. MA
137 Fain SB, King BF, Breen JF, Kruger DG, Rieder SJ. High-spatial-
resolution contrast-enhanced MR angiography of the renal arteries: a
prospective comparison with digital subtraction angiography. Radiology
2001; 218:481–490. OS
138 Bravo EL. Evolving concepts in the pathophysiology, diagnosis and
treatment of pheochromocytoma. Endocrine Rev 1994; 15:356–368. RV
139 Sjoberg RJ, Simcic KJ, Kidd GS. The clonidine suppression test for
pheochromocytoma. A review of its utility and pitfalls. Arch Intern Med
1992; 152:1193–1197. RV
140 Ganguly A. Primary aldosteronism. N Engl J Med 1998; 339:1828–
1834. RV
141 Gordon RD. Diagnostic investigations in primary aldosteronism. In:
Zanchetti A, Hansson L, Rodicio JL (editors): Hypertension. London:
McGraw Hill International; 2001, pp. 101–114. RV
142 Blumenfeld JD, Sealey JE, Schlussel Y, Vaughan ED Jr, Sos TA, Atlas
SA, et al. Diagnosis and treatment of primary hyperaldosteronism. Ann
Intern Med 1994; 121:877–885. OS
143 Gordon RD, Stowasser M, Tunny TJ, Klemm SA, Rutherford JC. High-
incidence of primary aldosteronism in 199 patients referred with hyper-
tension. Clin Exp Pharmacol Physiol 1994; 21:315–318. OS
144 Phillips JL, McClellan MW, Pezzullo JC, Rayford W, Choyke PL, Berman
AA, et al. Predictive value of preoperative tests in discriminating bilateral
adrenal hyperplasia from an aldosterone-producing adrenal adenoma.
J Clin Endocrinol Metab 2000; 85:4526–4533. OS
145 Orth DN. Cushing’s syndrome. N Engl J Med 1995; 332:791–803.
146 Nieman LK. Diagnostic tests for Cushing’s syndrome. Ann NY Acad Sci
2002; 970:112–118. RV
147 Luft FC. Molecular genetics of human hypertension. J Hypertens 1998;
16:1871–1878. RV
148 Melander O. Genetic factors of hypertension – what is known and what
does it mean? Blood Press 2001; 10:254–270. RV
149 Pausova Z, Tremblay J, Hamet P. Gene–environment interactions in
hypertension. Current Hypertens Rep 1999; 1:42–50. RV
150 Evans WE, Relling MV. Pharmacogenomics: translating functional
genomics into rational therapeutics. Science 1999; 286:487–491.
151 Shimkets RA, Warnock DG, Bositis CM, Nelson-Williams C, Hansson
JH, Schambelan M, et al. Liddle’s syndrome: heritable human hyper-
tension caused by mutations in the beta subunit of the ephitelial sodium
channel. Cell 1994; 79:407–414.
152 Ulick S, Levine LS, Gunczler P, Zanconato G, Ramirez LC, Rauh W,
et al. A syndrome of apparent mineralocorticoid excess associated with
defects in the peripheral metabolism of cortisol. J Clin Endocrinol Metab
1979; 49:757–764.
153 Sutherland DJ, Ruse JL, Laidlaw JC. Hypertension, increased aldo-
sterone secretion and low renin activity relieved by dexamethasone. Can
Med Assoc J 1996; 95:1109–1119.
154 PROGRESS Collaborative Study Group. Randomised trial of perindopril
based blood pressure-lowering regimen among 6108 individuals with
previous stroke or transient ischaemic attack. Lancet 2001; 358:1033–
1041. RT
155 The Heart Outcomes Prevention Evaluation Study Investigators. Effects
of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. N Engl J Med 2000; 342:145–153. RT
156 Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood
pressure control in normotensive type 2 diabetic patients on albuminur-
ia, retinopathy and stroke. Kidney Int 2002; 61:1086–1097. RT
157 Vasan RS, Larson MG, Leip EP, Evans JC, O’Donnell CJ, Kannel WB,
Levy D. Impact of high-normal blood pressure on the risk of cardio-
vascular disease. N Engl J Med 2001; 345:1291–1297. OS
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
2003 Guidelines for Management of Hypertension 1047
158 Hypertension Detection and Follow-up Program. The effect of treatment
on mortality in ‘mild’ hypertension: results of the Hypertension Detection
and Follow-up Program. N Engl J Med 1982; 307:976–980. RT
159 Zanchetti A, Hansson L, Me´nard J, Leonetti G, Rahn K, Warnold I,
Wedel H. Risk assessment and treatment benefit in intensively treated
hypertensive patients of the Hypertension Optimal Treatment (HOT)
study for the HOT Study Group. J Hypertens 2001; 19:819–825. OS
160 Hansson L, Zanchetti A, Carruthers SG, Dahlo¨f B, Elmfeldt D, Julius S,
et al. Effects of intensive blood-pressure lowering and low-dose aspirin
in patients with hypertension: principal results of the Hypertension
Optimal Treatment (HOT) randomised trial. Lancet 1998; 351:
1755–1762. RT
161 UK Prospective Diabetes Study Group. Tight blood pressure control
and risk of macrovascular and microvascular complications in Type 2
diabetes. UKPDS38. BMJ 1998; 317:703–713. RT
162 Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier
RW. The effect of nisoldipine as compared with enalapril on cardio-
vascular outcomes in patients with non-insulin independent diabetes
and hypertension. N Engl J Med 1998; 338:645–652. RT
163 Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects of
ACE inhibitors, calcium antagonists, and other blood-pressure-lowering
drugs: results of prospectively designed overviews of randomised trials.
Lancet 2000; 356:1955–1964. MA
164 Zanchetti A, Hansson L, Clement D, Elmfeldt D, Julius S, Rosenthal T,
et al. on behalf of the HOT Study Group. Benefits and risks of more
intensive blood pressure lowering in hypertensive patients of the HOT
Study with different risk profiles: does a J-shaped curve exist in
smokers? J Hypertens 2003; 21:797–804. RT
165 Mancia G, Grassi G. Systolic and diastolic blood pressure control in
antihypertensive drug trials. J Hypertens 2002; 20:1461–1464. RV
166 The ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major cardiovascular events in hypertensive patients
randomized to doxazosin vs chlorthalidone: the Antihypertensive and
Lipid-Lowering treatment to prevent Heart Attack Trial (ALLHAT). JAMA
2000; 283:1967–1975. RT
167 The ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major outcomes in high-risk hypertensive patients
randomized to angiotensin-converting enzyme inhibitor or calcium chan-
nel blocker vs diuretic: The Antihypertensive and Lipid-Lowering treat-
ment to prevent Heart Attack Trial (ALLHAT). JAMA 2002; 288:
2981–2997. RT
168 Zanchetti A, Ruilope LM. Antihypertensive treatment in patients with
type-2 diabetes mellitus: what guidance from recent controlled rando-
mized trials? J Hypertens 2002; 20:2099–2110. RV
169 Heart Outcomes Prevention Evaluation (HOPE) Study investigators.
Effects of ramipril on cardiovascular and microvascular outcomes in
people with diabetes mellitus: results of the HOPE study and MICRO-
HOPE substudy. Lancet 2000; 355:253–259. RT
170 Adler AL, Stratton IM, Neil HA, Yudkin JS, Matthews DR, Cull CA, et al.
Association of systolic blood pressure with macrovascular and micro-
vascular complications of type 2 diabetes (UKPDS 36): prospective
observational study. BMJ 2000; 321:412–429. OS
171 Doll R, Peto R, Wheatley K, Gray R, Sutherland I. Mortality in relation to
smoking: 40 years’ observational study on male British doctors. BMJ
1994; 309:901–911. OS
172 Primatesta P, Falaschetti E, Gupta S, Marmot MG, Poulter NR. Associa-
tion between smoking and blood pressure: evidence from the health
survey for England. Hypertension 2001; 37:187–193. OS
173 Omvik P. How smoking affects blood pressure. Blood Press 1996;
5:71–77.
174 Medical Research Council Working Party. MRC trial of treatment of mild
hypertension: principal results. Medical Research Council. BMJ 1985;
291:97–104. RT
175 The IPPPSH Collaborative Group. Cardiovascular risk and risk factors in
a randomized trial of treatment based on the beta-blocker oxprenolol:
the International Prospective Primary Prevention Study in Hypertension
(IPPPSH). J Hypertens 1985; 3:379–392. RT
176 Silagy C, Mant D, Fowler G, Lodge M. Meta-analysis on efficacy of
nicotine replacement therapies in smoking cessation. Lancet 1994;
343:139–142. MA
177 The Tobacco Use and Dependence Clinical Practice Guideline Panel,
Staff, and Consortium Representatives. A clinical practice guideline for
treating tobacco use and dependence: A US Public Health Service
report. JAMA 2000; 283:3244–3254. GL
178 Tonstad S, Farsang C, Kla¨ne, Lewis K, Manolis A, Perrouhoud AP, et al.
Buproprin SR for smoking cessation in smokers with cardiovascular
disease: a multicentre, randomised study. Eur Heart J 2003; 24:
947–956. RT
179 Puddey IB, Beilin LJ, Rakie V. Alcohol, hypertension and the cardio-
vascular system: a critical appraisal. Addiction Biol 1997; 2:159–170.
RV
180 Wannamethee SG, Shaper AG. Patterns of alcohol intake and risk
of stroke in middle-aged British men. Stroke 1996; 27:1033–1039. OS
181 Puddey IB, Beilin LJ, Vandongen R. Regular alcohol use raises blood
pressure in treated hypertensive subjects. A randomised controlled trial.
Lancet 1987; 1:647–651. RT
182 Stamler J. Epidemiologic findings on body mass and blood pressure in
adults. Ann Epidemiol 1991; 1:347–362. OS
183 Reid CM, Dart AM, Dewar EM, Jennings GL. Interactions between the
effects of exercise and weight loss on risk factors, cardiovascular
haemodynamics and left ventricular structure in overweight subjects.
J Hypertens 1994; 12:291–301. OS
184 Puddey IB, Parker M, Beilin LJ, Vandongen R, Masarei JR. Effects of
alcohol and caloric restrictions on blood pressure and serum lipids in
overweight men. Hypertension 1992; 20:533–541. OS
185 Whelton PK, Appel LJ, Espeland MA, Applegate WB, Ettinger WH Jr,
Kostis JB, et al. Sodium reduction and weight loss in the treatment of
hypertension in older persons: a randomized controlled trial of non-
pharmacologic interventions in the elderly (TONE). TONE Collaborative
Research Group. JAMA 1998; 279:839–846. RT
186 Sandvik L, Erikssen J, Thaulow E, Erikssen G, Mundal R, Rodahl K.
Physical fitness as a predictor of mortality among healthy, middle-aged
Norwegian men. N Engl J Med 1993; 328:533–537. OS
187 Jennings GL. Exercise and blood pressure: Walk, run or swim?
J Hypertens 1997; 15:567–569. RV
188 Arakawa K. Antihypertensive mechanism of exercise. J Hypertens 1993;
11:223–229. RV
189 Fagard RH. Exercise characteristics and the blood pressure response to
dynamic physical training. Med Sci Sports and Exerc 2001; 33
(suppl):S484–S492. RV
190 Puddey IB, Cox K. Exercise lowers blood pressure – sometimes? Or
did Pheidippides have hypertension? J Hypertens 1995; 13:
1229–1233. RV
191 Law MR. Epidemiological evidence on salt and blood pressure. Am J
Hypertens 1997; 10 (suppl):42S–45S. RV
192 Cutler JA, Follman D, Alexander PS. Randomised controlled trials of
sodium reduction: an overview. Am J Clin Nutr 1997; 65 (suppl 2):
643S–651S. MA
193 Beckmann SL, Os I, Kjeldsen SE, Eide IK, Westheim AS, Hjermann I.
Effect of dietary counselling on blood pressure and arterial plasma
catecholamines in primary hypertension. Am J Hypertens 1995; 8:
704–711. OS
194 Margetts BM, Beilin LJ, Vandongen R, Armstrong BK. Vegetarian diet in
mild hypertension: a randomised controlled trial. BMJ 1986;
293:1468–1471. RT
195 Bao DQ, Mori TA, Burke V, Puddey IB, Beilin LJ. Effects of dietary fish
and weight reduction on ambulatory blood pressure in overweight
hypertensives. Hypertension 1998; 32:710–717. RT
196 Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D,
et al. Effects on blood pressure of reduced dietary sodium and the
Dietary Approaches to Stop Hypertension (DASH) diet. DASH-
Sodium Collaborative Research Group. N Engl J Med 2001; 344:
3–10. RT
197 Zanchetti A, Mancia G. Benefits and cost-effectiveness of antihyperten-
sive therapy. The actuarial versus the intervention trial approach.
J Hypertens 1996; 14:809–811.
198 Fagard RH, Staessen JA, Thijs L. Results of intervention trials of
antihypertensive treatment versus placebo, no or less intensive treat-
ment. In: Mancia G, Chalmers J, Julius S, Saruta T, Weber M, Ferrari A,
Wilkinson I (editors): Manual of hypertension. London: Churchill Living-
stone; 2002, pp. 21–33. RV
199 Collins R, MacMahon S. Blood pressure, antihypertensive drug treat-
ment and the risk of stroke and of coronary heart disease. Br Med Bull
1994; 50:272–298. MA
200 Staessen JA, Gasowski J, Wang JG, Thijs L, Den Hond E, Boissel J-P,
et al. Risks of untreated and treated isolated systolic hypertension in the
elderly: meta-analysis of outcome trials. Lancet 2000; 355:
865–872. MA
201 Thijs L, Fagard R, Lijnen P, Staessen J, Van Hoof R, Amery A. A meta-
analysis of outcome trials in elderly hypertensives. J Hypertens 1992;
10:1103–1109. MA
202 Gueyffier F, Boutitie F, Boissel JP, Pocock S, Coope J, Cutler J, et al.
The effect of antihypertensive drug treatment on cardiovascular out-
comes in women and men. Results from a meta-analysis of individual
patient data in randomised controlled trials. Ann Intern Med 1997; 126:
761–767. MA
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1048 Journal of Hypertension 2003, Vol 21 No 6
203 Lithell H, Hansson L, Skogg I, Elmfeldt D, Hofman A, Olofsson B, et al.
for the SCOPE Study Group. The Study on Cognition and Prognosis in
the Elderly (SCOPE). Principal results of a randomised double-blind
intervention trial. J Hypertens 2003; 21; 875–886. RT
204 Brenner BM, Cooper ME, De Zeeuw D, Keane WF, Mitch WE, Parving
HH, et al. Effects of losartan on renal and cardiovascular outcomes in
patients with type 2 diabetes and nephropathy. N Engl J Med 2001;
345:861–869. RT
205 Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan
in patients with nephropathy due to type 2 diabetes. N Engl J Med
2001; 345:851–860. RT
206 Parving H-H, Lehnert H, Bro¨chner-Mortensen J, Gomis R, Andersen S,
Arner P. The effect of irbesartan on the development of diabetic
nephropathy in patients with type 2 diabetes. N Engl J Med 2001;
345:870–878. RT
207 Borhani NO, Mercuri M, Borhani PA, Buckalew VM, Canossa-Terris M,
Carr AA, et al. Final outcome results of the Multicenter Isradipine
Diuretic Atherosclerosis Study (MIDAS). A randomized controlled trial.
JAMA 1996; 276:785–791. RT
208 National Intervention Cooperative Study in Elderly Hypertensives Study
Group. Randomized double-blind comparison of a calcium antagonist
and a diuretic in elderly hypertensives. Hypertension 1999; 34:
1129–1133. RT
209 Hansson L, Lindholm LH, Ekbom T, Dahlo¨f B, Lanke J, Scherste`n B, et
al. Randomised trial of old and new antihypertensive drugs in elderly
patients: cardiovascular mortality and morbidity in the Swedish Trial in
Old Patients with Hypertension-2 study. Lancet 1999; 354:
1751–1756. RT
210 Hansson L, Hedner T, Lund-Johansen P, Kjeldsen SE, Lindholm LH,
Syvertsen JO, et al. Randomised trial of effects of calcium antagonists
compared with diuretics and beta-blockers on cardiovascular morbidity
and mortality in hypertension: the Nordic Diltiazem (NORDIL) study.
Lancet 2000; 356:359–365. RT
211 Agabiti Rosei E, Dal Palu C, Leonetti G, Magnani B, Pessina A,
Zanchetti A for the VHAS investigators. Clinical results of the Verapamil
in Hypertension and Atherosclerosis Study. J Hypertens 1997;
15:1337–1344. RT
212 Brown MJ, Palmer CR, Castaigne A, de Leeuw PW, Mancia G,
Rosenthal T, Ruilope LM. Morbidity and mortality in patients random-
ised to double-blind treatment with a long-acting calcium-channel
blocker or diuretic in the International Nifedipine GITS study: Interven-
tion as a Goal in Hypertension Treatment (INSIGHT). Lancet 2000;
356:366–372. RT
213 Black HR, Elliot WJ, Grandist G, Grambsch P, Lucente T, White WB,
et al. for the CONVINCE Research Group. Principal results of the
Controlled Onset Verapamil Investigation of Cardiovascular Endpoints
(CONVINCE) trial. JAMA 2003; 289:2073–2082. RT
214 Staessen JA, Wang J, Thijs L. Cardiovascular prevention and blood
pressure reduction: a qualitative overview updated until 1 March 2003.
J Hypertens 2003; 21:1055–1076. MA
215 UK Prospective Diabetes Study Group. Efficacy of atenolol and
captopril in reducing risk of macrovascular and microvascular complica-
tions in type 2 diabetes: UKPDS 39. BMJ 1998; 317:713–720. RT
216 Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner T, Niklason A,
et al. Effect of angiotensin-converting-enzyme inhibition compared with
conventional therapy on cardiovascular morbidity and mortality in hyper-
tension: the Captopril Prevention Project (CAPPP) randomised trial.
Lancet 1999; 353:611–616. RT
217 Wing LMH, Reid CM, Ryan P, Beilin LJ, Brown MA, Jennings GLR, et al.
A comparison of outcomes with angiotensin-converting-enzyme inhibi-
tors and diuretics for hypertension in the elderly. N Engl J Med 2003;
348:583–592. RT
218 Dahlo¨f B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U, et
al. Cardiovascular morbidity and mortality in the Losartan Intervention
For Endpoint reduction in hypertension study (LIFE): a randomised trial
against atenolol. Lancet 2002; 359:995–1003. RT
219 Jennings GL, Wong J. Reversibility of left ventricular hypertrophy and
malfunction by antihypertensive treatment. In: Hansson L, Birkenha¨ger
WH (editors). Handbook of Hypertension, Vol 18: Assessment of
hypertensive organ damage. Amsterdam: Elsevier; 1997, pp. 184–229.
MA
220 Schmieder RE, Schlaich MF, Klingbeil AU, Martus P. Update on reversal
of left ventricular hypertrophy in essential hypertension (a meta-analysis
of all randomized double-blind studies until December 1998). Nephrol
Dial Transplant 1998; 13:564–569. MA
221 Gosse P, Sheridan DJ, Zannad F, Dubourg O, Gueret P, Karpov Y, et al.
Regression of left ventricular hypertrophy in hypertensive patients
treated with indapamide SR 1.5 mg versus enalapril 20 mg; the LIVE
study. J Hypertens 2000; 18:1465–1475. RT
222 Terpstra WL, May JF, Smit AJ, de Graeff PA, Havinga TK, van der Veur
E, et al. Long-term effects of amlodipine and lisinopril on left ventricular
mass and diastolic function in elderly, previously untreated hypertensive
patients: the ELVERA trial. J Hypertens 2001; 19:303–309. RT
223 Devereux RB, Palmieri V, Sharpe N, De Quattro V, Bella JN, de Simone
G, et al. Effects of once-daily angiotensin-converting enzyme inhibition
and calcium channel blockade-based antihypertensive treatment regi-
mens on left ventricular hypertrophy and diastolic filling in hypertension.
The Prospective Randomized Enalapril Study Evaluating Regression of
Ventricular Enlargement (PRESERVE) trial. Circulation 2001;
104:1248–1254. RT
224 Zanchetti A, Ruilope LM, Cuspidi C, Macca G, Verschuren J, Kerselaers
W. Comparative effects of the ACE inhibitor fosinopril and the calcium
antagonist amlodipine on left ventricular hypertrophy and urinary albumin
excretion in hypertensive patients. Results of FOAM, a multicenter
European study [abstract]. J Hypertens 2001; 19 (suppl 2): S92 . RT
225 Cuspidi C, Muiesan ML, Valagussa L, Salvetti M, Di Biagio C, Agabiti-
Rosei E, et al. on behalf of the CATCH investigators. Comparative
effects of candesartan and enalapril on left ventricular hypertrophy in
patients with essential hypertension: the Candesartan Assessment in
the Treatment of Cardiac Hypertrophy (CATCH) study. J Hypertens
2002; 20:2293–2300. RT
226 Agabiti Rosei E, Muiesan ML, Trimarco B, Reid J, Salvetti A, Hennig M,
Zanchetti A. Changes of LV mass and ABPM during long-term
antihypertensive treatment in ELSA [abstract]. J Hypertens 2002; 20
(suppl 4):S4. RT
227 Thurmann PA, Kenedi P, Schmidt A, Harder S, Rietbrock N. Influence of
the angiotensin II antagonist valsartan on left ventricular hypertrophy in
patients with essential hypertension. Circulation 1998; 98:2037–2042.
RT
228 Malmqvist K, Kahan T, Edner M, Held C, Hagg A, Lind L, et al.
Regression of left ventricular hypertrophy in human hypertension with
irbesartan. J Hypertens 2001; 19:1167–1176. RT
229 Dahlo¨f B, Zanchetti A, Diez J, Nicholls MG, Yu CM, Barrios V, et al.
Effects of losartan and atenolol on left ventricular mass and neurohormo-
nal profile in patients with essential hypertension and left ventricular
hypertrophy. J Hypertens 2002; 20:1855–1864. RT
230 Perlini S, Muiesan ML, Cuspidi C, Sampieri L, Trimarco B, Aurigemma
GP, et al. Midwall mechanics are improved after regression of hyper-
tensive left ventricular hypertrophy and normalization of chamber geome-
try. Circulation 2001; 103:678–683. OS
231 Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB.
Prognostic implications of baseline electrocardiographic features and
their serial changes in subjects with left ventricular hypertrophy.
Circulation 1994; 90:1786–1793. OS
232 Mathew J, Sleight P, Lonn E, Johnstone D, Pogue J, Yi Q et al.
Reduction of cardiovascular risk by regression of electrocardiographic
markers of left ventricular hypertrophy by the angiotensin-converting
enzyme inhibitor ramipril. Circulation 2001; 104:1615–1621. RT
233 Devereux RB ,Watchtell K, Gerdts E, Boman K, Nieminen MS, Papade-
metriou B, et al. Regression of left ventricular hypertrophy: treatment
effects and prognostic implications in the LIFE trial [abstract].
J Hypertens 20 (suppl 4):S4. RT
234 Muiesan ML, Salvetti M, Rizzoni D, Castellano M, Donato F, Agabiti-
Rosei E. Association of change in left ventricular mass with prognosis
during long-term antihypertensive treatment. J Hypertens 1995;
13:1091–1095. OS
235 Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Gattobigio R, Zampi I,
et al. Prognostic significance of serial changes in left ventricular mass in
essential hypertension. Circulation 1998; 97:48–54. OS
236 Pitt B, Byington RP, Furberg CD, Hunninghake DB, Mancini GBJ, Miller
ME, Riley W. Effect of amlodipine on the progression of atherosclerosis
and the occurrence of clinical events. Circulation 2000; 102:
1503–1510. RT
237 Simon A, Garie´py J, Moyse D, Levenson J. Differential effects of
nifedipine and co-amilozide on the progression of early carotid wall
changes. Circulation 2001; 103:2949–2954. RT
238 MacMahon S, Sharpe N, Gamble G, Clague A, Mhurchu CN, Clark T,
et al. Randomized, placebo-controlled trial of the angiotensin-converting
enzyme inhibitor, ramipril, in patients with coronary or other occlusive
arterial disease. J Am Coll Cardiol 2000; 36:438–443. RT
239 Lonn EM, Yusuf S, Dzavik V, Doris CI, Yi Q, Smith S, et al. Effects of
ramipril and vitamin E on atherosclerosis: The Study to Evaluate Carotid
Ultrasound changes in patients treated with Ramipril and vitamin E
(SECURE). Circulation 2001; 103:919–925. RT
240 Zanchetti A, Crepaldi G, Bond G, Gallus G, Veglia M, Mancia G. Effects
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
2003 Guidelines for Management of Hypertension 1049
of fosinopril and pravastatin on progression of asymptomatic carotid
atherosclerosis in hypertension: results of the Plaque Hypertension Lipid
Lowering Italian Study (PHYLLIS) [Abstract]. J Hypertens 2003; 21
(suppl 4):S346.
241 Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect of blood
pressure control on diabetic microvascular complications in patients
with hypertension and type 2 diabetes. Diabetes Care 2000; 23
(suppl 2):B54–B64. RT
242 Lindholm LH, Ibsen H, Dahlo¨f B, Devereux RB, Beevers G, de Faire U,
et al. Cardiovascular morbidity and mortality in patients with diabetes in
the Losartan Intervention For Endpoint reduction in hypertension study
(LIFE): a randomised trial against atenolol. Lancet 2002; 359:1004–
1010. RT
243 Jafar TH, Schmid CH, Landa M, Giatras I, Toto R, Remuzzi G, et al.
Angiotensin-converting enzyme inhibitors and progression of nondia-
betic renal disease. A meta-analysis of patient-level data. Ann Intern
Med 2001; 135:73–87. MA
244 Wright JT, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J,
et al. for the African American Study of Kidney Disease and Hyper-
tension Study Group. Effect of blood pressure lowering and anti-
hypertensive drug class on progression of hypertensive kidney
disease: results from the AASK Trial. JAMA 2002; 288:2421–2431.
RT
245 Agodoa LY, Appel L, Bakris GL, Beck G, Bourgoignie J, Briggs JP, et al.
for the African American Study of Kidney Disease and Hypertension
(AASK) Study Group. Effect of Ramipril vs Amlodipine on Renal
Outcomes in Hypertensive Nephrosclerosis. A Randomized Controlled
Trial. JAMA 2001; 285:2719–2728. RT
246 Lindholm LH, Ibsen H, Borch-Johnsen K, Olsen MH, Wachtell K, Dahlo¨f
B, et al. Risk of new-onset diabetes in the Losartan Intervention For
Endpoint reduction in hypertension study. J Hypertens 2002; 20:
1879–1886. RT
247 Veterans Administration Cooperative Study Group on Antihypertensive
Agents. Effects of treatment on morbidity in hypertension. Results in
patients with diastolic blood pressures averaging 115 through
129 mmHg. JAMA 1967; 202:1028–1034. RT
248 Veterans Administration Cooperative Study Group on Antihypertensive
Agents. Effects of treatment on morbidity in hypertension. II. Results in
patients with diastolic blood pressure averaging 90 through 114 mmHg.
JAMA 1970; 213:1143–1152. RT
249 Parati G, Pomidossi G, Albini F, Malaspina D, Mancia G. Relationship of
24-hour blood pressure mean and variability to severity of target-organ
damage in hypertension. J Hypertens 1987; 5:93–98. OS
250 Frattola A, Parati G, Cuspidi C, Albini F, Mancia G. Prognostic value of
24-hour blood pressure variability. J Hypertens 1993; 11:1133–1137.
OS
251 Gueyffier F, Bulpitt C, Boissel JP, Schron E, Ekbom T, Fagard R, et al.
Antihypertensive drugs in very old people: a subgroup analysis of
randomised controlled trials. Lancet 1999; 353:793–796. MA
252 Gong L, Zhang W, Zhu Y, Zhu J, Kong D, Page V, et al. Shanghai trial
of nifedipine in the elderly (STONE). J Hypertens 1996; 16:
1237–1245. CT
253 Liu L, Wang JL, Gong L, Liu G, Staessen JA, for the Syst-China
Collaborative Group. Comparison of active treatment and placebo in
older Chinese patients with isolated systolic hypertension. J Hypertens
1998; 16:1823–1829. CT
254 Kjeldsen SE, Dahlo¨f B, Devereux RB, Julius S, Aurup P, Edelman J, et al.
Effects of losartan on cardiovascular morbidity and mortality in patients
with isolated systolic hypertension and left ventricular hypertrophy: a
Losartan Intervention for Endpoint Reduction (LIFE) substudy. JAMA
2002; 288:1491–1498. RT
255 Fagard RH, Van den Enden M, Leeman M, Warling X. Survey on
treatment of hypertension and implementation of WHO-ISH risk stratifi-
cation in primary care in Belgium. J Hypertens 2002; 20:1297–1302.
OS
256 Somes GW, Pahor M, Shorr RI, Cushman WC, Applegate WB. The role
of diastolic blood pressure when treating isolated systolic hypertension.
Arch Int Med 1999; 159:2004–2009. RT
257 Simonson DC. Etiology and prevalence of hypertension in diabetic
patients. Diabetes Care 1988; 11:821–827. RV
258 The Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus. Report of the Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus. Diabetes Care 2002; 25 (suppl
1):5–20. GL
259 Amos AF, McCarty DJ, Zimmet P. The rising global burden of diabetes
and its complications: estimates and projections to the year 2010. Diab
Med 1997; 14 (suppl 5):S1–S85. OS
260 Reaven GM, Lithell H, Landsberg L. Hypertension and associated
metabolic abnormalities–the role of insulin resistance and the
sympathoadrenal system. N Engl J Med 1996; 334:374–381. RV
261 Haffner SM. The prediabetic problem: development of non-insulin-
dependent diabetes mellitus and related abnormalities. J Diabet Complic
1997; 11:69–76. RV
262 Epstein M, Sowers JR. Diabetes mellitus and hypertension. Hyper-
tension 1992; 19:403–418. RV
263 Hypertension in Diabetes Study (HDS): I. Prevalence of hypertension in
newly presenting type 2 diabetic patients and the association with risk
factors for cardiovascular and diabetic complications. J Hypertens
1993; 11:309–317. OS
264 Tarnow L, Rossing P, Gall MA, Nielsen FS, Parving HH. Prevalence of
arterial hypertension in diabetic patients before and after the JNC-V.
Diabetes Care 1994; 17:1247–1251. OS
265 Grossman E, Messerli FH. Diabetic and hypertensive heart disease. Ann
Intern Med 1996; 125:304–310. RV
266 Miettinen H, Haffner SM, Lehto S, Ronnemaa T, Pyo¨ra¨la¨ K, Laakso M.
Proteinuria predicts stroke and other atherosclerotic vascular disease
events in nondiabetic and non-insulin-dependent diabetic subjects.
Stroke 1996; 27:2033–2039. OS
267 Dinneen SF, Gerstein HC. The association of microalbuminuria and
mortality in non-insulin- dependent diabetes mellitus. A systematic
overview of the literature. Arch Intern Med 1997; 157:
1413–1418. MA
268 Teuscher A, Schnell H, Wilson PW. Incidence of diabetic retinopathy
and relationship to baseline plasma glucose and blood pressure.
Diabetes Care 1988; 11:246–251. OS
269 Dillon JJ. The quantitative relationship between treated blood pressure
and progression of diabetic renal disease. Am J Kidney Dis 1993;
22:798–802. RV
270 Walker WG. Hypertension-related renal injury: a major contributor to
end-stage renal disease. Am J Kidney Dis 1993; 22:164–173. RV
271 Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a risk
factor for clinical diabetes mellitus in women. Ann Intern Med 1995;
122:481–486.
272 Rocchini AP. Obesity hypertension, salt sensitivity and insulin resistance.
Nutr Metab Cardiovasc Dis 2000; 10:287–294. RV
273 Mogensen CE. Long-term antihypertensive treatment inhibiting progres-
sion of diabetic nephropathy. BMJ 1982; 285:685–688. RT
274 Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angiotensin-
converting-enzyme inhibition on diabetic nephropathy. The Collaborative
Study Group. N Engl J Med 1993; 329:1456–1462. RT
275 PATS Collaborative Group. Post-stroke antihypertensive treatment
study. Clin Med J 1995; 108:710–717. RT
276 International Society of Hypertension statement on the management of
blood pressure in acute stroke. J Hypertens 2003; 21:665–672. GL
277 Flack JM, Neaton J, Grimm R Jr, Shih J, Cutler J, Ensrud K, MacMahon
S. Blood pressure and mortality among men with prior myocardial
infarction. Multiple Risk Factor Intervention Trial Research Group.
Circulation 1995; 92:2437–2445. OS
278 Stokes J, Kannel WB, Wolf PA, D’Agostino RB, Cupples LA. Blood
pressure as a risk factor for cardiovascular disease. The Framingham
Study – 30 years of follow-up. Hypertension 1989; 13 (suppl I):
I13–I18. OS
279 Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta-blockade during
and after myocardial infarction: an overview of the randomised trials.
Prog Cardiovasc Dis 1985; 27:335–371. MA
280 Doughty RN, Rodgers A, Sharpe N, MacMahon S. Effects of beta-
blocker therapy on mortality in patients with heart failure. A systematic
overview of randomized controlled trials. Eur Heart J 1997; 18:
560–565. MA
281 Lonn EM, Yusuf S, Jha P, Montague TJ, Teo KK, Benedict CR, Pitt B.
Emerging role of angiotensin-converting enzyme inhibitors in cardiac
and vascular protection. Circulation 1994; 90:2056–2069. RV
282 Garg R, Yusuf S. Overview of randomized trials of angiotensin-
converting enzyme inhibitors on mortality and morbidity in patients with
heart failure. Collaborative Group on ACE Inhibitor Trials. JAMA 1995;
273:1450–1456. MA
283 Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. for
the Randomized Aldactone Evaluation Study Investigators. The effect of
spironolactone on morbidity and mortality in patients with severe heart
failure. N Engl J Med 1999; 341:709–717. RT
284 Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. for
the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy
and Survival Study Investigators. Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial
infarction. N Engl J Med 2003; 348:1309–1321. RT
285 Zanchetti A. What have we learned and what haven’t we from clinical
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1050 Journal of Hypertension 2003, Vol 21 No 6
trials on hypertension? In: Laragh JH, Brenner BM (editors): Hyper-
tension, pathophysiology, diagnosis and management. 2nd ed. New
York: Raven Press; 1995, pp. 2509–2529. RV
286 McInnes GT. Size isn’t everything. ALLHAT in perspective. J Hypertens
2003; 21:459–461.
287 Williams B. Treating hypertension: it is not how you start but where you
end that matters. J Hypertens 2003; 21:455–457.
288 Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ,
et al. Effect of losartan compared with captopril on mortality in patients
with symptomatic heart failure: randomised trial – the Losartan Heart
Failure Survival Study ELITE II. Lancet 2000; 355:1582–1587. RT
289 Cohn JN, Tognoni G for the Valsartan Heart Failure Trial Investigators. A
randomized trial of the angiotensin-receptor blocker valsartan in chronic
heart failure. N Engl J Med 2001; 345:1667–1675. RT
290 Kaplan NM. The meaning of ALLHAT. J Hypertens 2003; 21:233–234.
291 Packer M, O’Connor CM, Ghali JK, Pressler ML, Carson PE, Belkin RN,
et al. Effect of amlodipine on morbidity and mortality in severe chronic
heart failure. Prospective Randomized Amlodipine in Survival Evaluation
Study Group. N Engl J Med 1996; 335:1107–1114. RT
292 Ruilope LM, Lahera V, Rodicio JL, Romero JC. Are renal hemodynamics
a key factor in the development and maintenance of arterial hypertension
in humans? Hypertension 1994; 23:3–9. RV
293 Perera GA. Hypertensive vascular disease: description and natural
history. J Chronic Dis 1955; 1:33–42. OS
294 Nakao N, Yoshimura A, Morita H, Takada M, Kayano T, Ideura T.
Combination treatment of angiotensin-II receptor blocker and angioten-
sin-converting-enzyme inhibitor in non-diabetic renal disease (COOP-
ERATE): a randomised controlled trial. Lancet 2003; 361:117–124. RT
295 Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O.
Multifactorial intervention and cardiovascular disease in patients with
type 2 diabetes. N Engl J Med 2003; 348:383–393. RT
296 Consensus Report: National High Blood Pressure Education Program
Working Group Report on High Blood Pressure in Pregnancy. Am J
Obstet Gynecol 1990; 163:1689–1712. GL
297 Levine RJ, Ewell MG, Hauth JC, Curet LB, Catalano PM, Morris CD,
et al. Should the definition of preeclampsia include a rise in diastolic
blood pressure of >15 mmHg to a level .90 mmHg in association with
proteinuria? Am J Obstet Gynecol 2000; 183:787–792. GL
298 Helewa ME, Burrows RF, Smith J, Williams K, Brain P, Rabkin SW.
Report of the Canadian Hypertension Society Consensus Conference:
1. Definitions, evaluation and classification of hypertensive disorders in
pregnancy. Can Med Assoc J 1997; 157:715–725. GL
299 Sibai BM, Mabie WC, Shamsa F, Vilnar MA, Anderson GD. A compari-
son of no medication versus methyldopa or labetalol in chronic hyper-
tension during pregnancy. Am J Obstet Gynecol 1990; 162:960–967.
RT
300 Gruppo di Studio Ipertensione in Gravidanza. Nifedipine versus expec-
tant management in mild to moderate hypertension in pregnancy. Br J
Obstet Gynaecol 1998; 105:718–722. RT
301 Moutquin J-M, Garner PR, Burrows RF, Rey E, Helewa ME, Lange IR,
Rabkin SW. Report of the Canadian Hypertension Society Consensus
Conference: 2. Nonpharmacologic management and prevention of
hypertensive disorders in pregnancy. Can Med Assoc J 1997;
157:907–919. GL
302 Atallah AN, Hofmeyr GJ, Duley L. Calcium supplementation during
pregnancy for preventing hypertensive disorders and related problems
(Cochrane Review). In: The Cochrane Library, Issue 1. Oxford: Update
Software; 2000. MA
303 Olsen S, Secher NJ, Tabor A, Weber T, Walker JJ, Gluud C.
Randomised clinical trials of fish oil supplementation in high risk
pregnancies. Br J Obstet Gynaecol 2000; 107:382–395. MA
304 Knight M, Duley L, Henderson-Smart DJ, King JF. Antiplatelet agents
and pre-eclampsia (Cochrane Review). In: The Cochrane Library, Issue
1. Oxford, Update Software, 2000. MA
305 Khedun SM, Moodley J, Naicker T, Maharaj B. Drug management of
hypertensive disorders of pregnancy. Pharmacol Ther 1997;
74:221–258. RV
306 de Swiet M. Maternal blood pressure and birthweight. Lancet 2000;
355:81–82.
307 von Dadelszen P, Ornstein MP, Bull SB, Logan AG, Koren G, Magee
LA. Fall in mean arterial pressure and fetal growth restriction in
pregnancy hypertension: a meta-analysis. Lancet 2000; 355:87–92.
MA
308 National High Blood Pressure Education Program Working Group
Report on High Blood Pressure in Pregnancy. NIH Publication
No. 00-3029; originally printed 1990; revised July 2000. GL
309 Dekker G, Sibai B. Primary, secondary, and tertiary prevention of pre-
eclampsia. Lancet 2001; 357:209–215. GL
310 Magee LA, Ornstein MP, von Dadelszen P. Fortnightly review: manage-
ment of hypertension in pregnancy. BMJ 1999; 318:1332–1336. GL
311 The Magpie Trial Collaborative Group. Do women with pre-eclampsia,
and their babies, benefit from magnesium sulphate? The Magpie Trial: a
randomised placebo-controlled trial. Lancet 2002; 359:1877–1890. RT
312 Cuspidi C, Macca G, Sampieri L, Michev I, Salerno M, Fusi V, et al.
High prevalence of cardiac and extracardiac target organ damage in
refractory hypertension. J Hypertens 2001; 19:2063–2070. OS
313 The ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. Major outcomes in moderately hypercholesterolemic,
hypertensive patients randomized to pravastatin vs usual care. The
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT-LLT). JAMA 2002; 288:2998–3007. RT
314 Sever PS, Dahlo¨f B, Poulter NR, Wedel H, Beevers G, Caulfield M, et
al. for the ASCOT investigators. The prevention of coronary events and
stroke with atorvastatin in hypertensive subjects with average or below
average cholesterol levels. The Anglo-Scandinavian Cardiac Outcomes
Trial: Lipid Lowering Arm (ASCOT:LLA). Lancet 2003; 361:
1149–1158. RT
315 Randomised trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994; 344:1383–1389. RT
316 Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, et
al. The effect of pravastatin on coronary events after myocardial
infarction in patients with average cholesterol levels. Cholesterol and
Recurrent Events Trial investigators. N Engl J Med 1996; 335:
1001–1009. RT
317 The Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study Group. Prevention of cardiovascular events and death
with pravastatin in patients with coronary heart disease and a broad
range of initial cholesterol levels. N Engl J Med 1998; 339:1349–1357.
RT
318 Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW, Elam MB, et al.
Gemfibrozil for the secondary prevention of coronary heart disease in
men with low levels of high-density lipoprotein cholesterol. Veterans
Affairs High-Density Lipoprotein Cholesterol Intervention Trial Study
Group. N Engl J Med 1999; 341:410–418. RT
319 Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane PW,
et al. Prevention of coronary heart disease with pravastatin in men with
hypercholesterolemia. West of Scotland Coronary Prevention Study
Group. N Engl J Med 1995; 333:1301–1307. RT
320 Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA,
et al. Primary prevention of acute coronary events with lovastatin in men
and women with average cholesterol levels: results of AFCAPS/Tex-
CAPS. Air Force/Texas Coronary Atherosclerosis Prevention Study.
JAMA 1998; 279:1615–1622. RT
321 Heart Protection Study Group. MRC/BHF Heart Protection Study of
cholesterol lowering with simvastatin in 20,536 high-risk individuals:
a randomised placebo-controlled trial. Lancet 2002; 360:7–22. RT
322 Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM,
et al. Pravastatin in elderly individuals at risk of vascular disease
(PROSPER): a randomised controlled trial. Lancet 2002; 360:
1623–1630. RT
323 Prospective studies collaboration. Cholesterol, diastolic blood pressure,
and stroke: 13,000 strokes in 450,000 people in 45 prospective
cohorts. Lancet 1995; 346:1647–1653. MA
324 Crouse JR, Byington RP, Furberg CD. HMG-CoA reductase inhibitor
therapy and stroke risk reduction: an analysis of clinical trials data.
Atherosclerosis 1998; 138:11–24. MA
325 Haffner SM, Lehto S, Ronnemaa T, Pyo¨ra¨la¨ K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction. N
Engl J Med 1998; 339:229–234. OS
326 Expert Panel on Detection, Evaluation, And Treatment of High Blood
Cholesterol In Adults (Adult Treatment Panel III). Executive Summary of
The Third Report of The National Cholesterol Education Program
(NCEP) JAMA 2001; 285:2486–2497. GL
327 Athyros VG, Papageorgiou AA, Mercouris BR, Athyrou VV, Symeonidis
AN, Basayannis EO, et al. Treatment with atorvastatin to the National
Cholesterol Educational Program goal versus ‘usual’ care in secondary
coronary heart disease prevention. The Greek Atorvastatin and Coron-
ary-heart-disease Evaluation (GREACE) study. Curr Med Res Opin
2002; 18:220–228. RT
328 Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death, myocar-
dial infarction, and stroke in high risk patients. BMJ 2002; 324:71–86.
MA
329 Zanchetti A, Hansson L, Dahlo¨f B, Julius S, Menard J, Warnold I, Wedel
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
2003 Guidelines for Management of Hypertension 1051
H. Benefit and harm of low-dose aspirin in well-treated hypertensives at
different baseline cardiovascular risk. J Hypertens 2002; 20:
2301–2307. RT
330 Sanmuganathan PS, Ghahramani P, Jackson PR, Wallis EJ, Ramsay LE.
Aspirin for primary prevention of coronary heart disease: safety and
absolute benefit related to coronary risk derived from meta-analysis of
randomised trials. Heart 2001; 85:265–271. MA
331 Hayden M, Pignone M, Phillips C, Mulrow C. Aspirin for the primary
prevention of cardiovascular events: a summary of the evidence for the
U.S. Preventive Services Task Force. Ann Intern Med 2002; 136:
161–172. MA
332 Diabetes Control and Complications Trial (DCCT). The absence of a
glycemic threshold for the development of long-term complications: the
perspective of the Diabetes Control and Complications Trial. Diabetes
1996; 45:1289–1298. RT
333 Balkau B, Shipley M, Jarrett RJ, Pyo¨ra¨la¨ K, Pyorala M, Forhan A,
Eschwege E. High blood glucose concentration is a risk factor for
mortality in middle-aged nondiabetic men. 20-year follow-up in the
Whitehall Study, the Paris Prospective Study, and the Helsinki Police-
men Study. Diabetes Care 1998; 21:360–367. OS
334 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with conven-
tional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998; 352:837–853. RT
335 The Diabetes Control and Complications Trial Research Group. The
effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med 1993; 329:977–986. RT
336 European Diabetes Policy Group 1999. A desktop guide to type 2
diabetes mellitus. Diabetes Med 1999; 16:716–730. GL
337 Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ. Selected
major risk factors and global and regional burden of disease. Lancet
2002; 360:1347–1360. OS
338 Burt VL, Cutler JA, Higgins M, Horan MJ, Labarthe D, Whelton P, et al.
Trends in the prevalence, awareness, treatment, and control of hyper-
tension in the adult US population. Data from the Health Examination
Surveys, 1960 to 1991. Hypertension 1995; 26:60–69. OS
339 Marques-Vidal P, Tuomilehto J. Hypertension awareness, treatment and
control in the community: is the ‘rule of halves’ still valid? J Human
Hypertens 1997; 11:213–220. OS
340 Menotti A, Lanti M, Zanchetti A, Puddu PE, Cirillo M, Mancini M,
Vagnarelli OT. Impact of the Gubbio population study on community
control of blood pressure and hypertension. Gubbio Study Research
Group. J Hypertens 2001; 19:843–850. OS
341 Oxman AD, Thomson MA, Davis DA, Haynes RB. No magic bullets: a
systematic review of 102 trials of interventions to improve professional
practice. Can Med Ass J 1995; 153:1423–1431. MA
342 Chalmers J. Implementation of guidelines for management of hyper-
tension. Clin Exper Hypertens 1992; 21:647–657.
Appendix
European Society of Hypertension-European Society of
Cardiology Guidelines Committee
G. Mancia, FESC (Chairman), University of Milano-
Bicocca, Ospedale San Gerardo, Monza, Italy; E. Agabi-
ti Rosei, FESC, University of Brescia, Brescia, Italy;
R. Cifkova, FESC, Institute for Clinical Experimental
Medicine, Prague, Czech Republic; G. DeBacker,
FESC, University of Ghent, Belgium; S. Erdine, Uni-
versity of Istanbul, Istanbul, Turkey; R. Fagard, Catho-
lic University, Leuven, Belgium; C. Farsang, St Emeric
Hospital, Budapest, Hungary; A.M. Heagerty, Univer-
sity of Manchester, Manchester, UK; K. Kawecka-
Jaszcs, Jagellonian University, Krakow, Poland;
W. Kiowski, FESC, HerzGefass Zentrum, Zurich, Swit-
zerland; S. Kjeldsen, Ullevaal University Hospital,
Oslo, Norway; T. Lu¨scher, FESC, University Hospital,
Zurich, Switzerland; G. McInnes, Western Infirmary,
Glasgow, UK; J.M. Mallion, FESC, Centre Hoˆpitalier
Universitaire, Grenoble, France; C.E. Mogensen, Uni-
versity of Aarhus, Kommunehospital, Aarhus, Denmark;
E.O. Brien, FESC, Beaumont Hospital, Dublin, Ire-
land; N.R. Poulter, Imperial College School of Medi-
cine at St. Mary’s, London, UK; S.G. Priori, FESC,
University of Pavia, Pavia, Italy; K.H. Rahn, University
of Mu¨nster, Mu¨nster, Germany; J.L Rodicio, Hospital
12 de Octubre, Madrid, Spain; L.M. Ruilope, Hospital
12 de Octubre, Madrid, Spain; M. Safar, Hoˆpital
Broussais, Paris, France; J.A. Staessen, Catholic Univer-
sity, Leuven, Belgium; P. van Zwieten, FESC, Acade-
misch Medisch Centrum, Amsterdam, The
Netherlands; B. Waeber, Centre Hoˆpitalier Universi-
taire Vaudois, Lausanne, Switzerland; B. Williams,
University of Leicester, Leicester, UK; A. Zanchetti,
FESC, University of Milan, Ospedale Maggiore, Istitu-
to Auxologico Italiano, Milan, Italy; F. Zannad, FESC,
Centre Hoˆpitalier Universitaire, Nancy, France.
Writing committee
A. Zanchetti (Coordinator), R.Cifkova, R. Fagard,
S. Kjeldsen, G. Mancia, N. Poulter, K.H. Rahn,
J.L. Rodicio, L.M. Ruilope, J. Staessen, P. van Zwie-
ten, B. Waeber, B. Williams.
Acknowledgement
The expert contribution of Prof. Fiona Broughton-
Pipkin, Nottingham, UK, in advising on the section
about hypertension in pregnancy is gratefully acknowl-
edged.
Conflict of interest disclosures
No member of the Guidelines Committee owns stock
of pharmaceutic or biomedical industries except W.
Kiowski (Novartis, Pfizer, Roche) and E. O’Brien
(minority interest in Medical Management Systems
Ltd).
The following members have served as consultants for,
received personal compensation from, or were grant
recipients of the following industries or government or
private health providers during the past 5 years:
G. Mancia: Abbott (Knoll), AstraZeneca, Bayer, Boeh-
ringer Ingelheim, Bristol-Myers Squibb, GlaxoSmith-
Kline, Merck, Novartis, Pfizer, Servier, Solvay, Takeda,
Italian Ministry of Health, Italian Ministry of Univer-
sity and Research; E. Agabiti Rosei: AstraZeneca, Aven-
tis, Bayer, Bristol-Myers Squibb, Chiesi, Merck,
Novartis, Pfizer, Sankyo, Sanofi, Servier, SigmaTau,
Takeda; R. Cifkova: Abbott (Knoll), Aventis, Merck,
Pfizer, Czech Ministry of Health; G. DeBacker: AstraZe-
neca, Merck, Pfizer; S. Erdine: Abbott (Knoll), AstraZe-
neca, Bristol-Myers Squibb, Merck, Pfizer, Recordati;
R. Fagard: AstraZeneca, Bayer, Boehringer Ingelheim,
Merck, Novartis, Pfizer, University of Leuven, Flemish
Fund for Medical Research; C. Farsang: AstraZeneca,
Aventis, Egis, GlaxoSmithKline, Novartis, Pfizer,
Richter, Servier, Hungarian Government; A. Heagerty:
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
1052 Journal of Hypertension 2003, Vol 21 No 6
AstraZeneca, Bayer, Bristol-Myers Squibb, Glaxo-
SmithKline, Menarini, Pfizer, Sanofi-Synthelabo, Medi-
cal Research Council; K. Kawecka-Jaszcz: Adamed, As-
traZeneca, Aventis, Bayer, Berlin Chemie, Boehringer
Ingelheim, Fournier, GlaxoSmithKline, Merck, Novar-
tis, Pfizer, Polpharma, Sanofi-Synthe´labo, Schwarz, Ser-
vier; W. Kiowski: Aventis, Merck, Novartis, Pfizer,
Roche, Sanofi-Synthe´labo, Takeda, Yamanouchi; S.
Kjeldsen: AstraZeneca, Bayer, Merck, Novartis, Pfizer-
Pharmacia, Norwegian Council on Cardiovascular Dis-
eases; T. Lu¨scher: Abbott (Knoll), AstraZeneca, Aventis,
Bayer, Bristol-Myers Squibb, Menarini, Merck, Pfizer-
Pharmacia, Sanofi-Synthe´labo, Servier, Swiss National
Science Foundation, European Union; J.M. Mallion:
Aventis, Boehringer Ingelheim, Bouchara Recordati,
Marck, Pfizer, Takeda; G. McInnes: AstraZeneca, Koto-
buki, Menarini, Merck, Novartis, Pfizer-Pharmacia,
Sankyo, Servier, Solvay, Takeda; C.E. Mogensen: Astra-
Zeneca, Aventis, Merck, Servier; E.O’Brien: AstraZene-
ca, Boehringer Ingelheim, Bristol-Myers Squibb,
Medical Management Systems, Menarini, Omron
Heath Care, Pfizer, Recordati, Sankyo, Servier, Space-
Labs, Speedel, Charitable Infirmary Charitable Trust
Fund, Irish Health Research Board, Irish Heart Foun-
dation, Royal College of Surgeons of Ireland; N.R.
Poulter: Abbott (Knoll), AstraZeneca, Bristol-Myers
Squibb, Merck, Pfizer, Sanofi-Synthe´labo, Schering-
Plough, Servier, Takeda; S.G. Priori: Guidant, Lund-
beck, Medtronic, Pfizer-Pharmacia, Italian Ministry of
Health, Italian Ministry of University and Research;
K.H. Rahn: AstraZeneca, Boehringer Ingelheim, Glaxo-
SmithKline, Pfizer, German Federal Ministry of Re-
search; J. Rodicio: Boehringer Ingelheim, Bristol-Myers
Squibb, GlaxoSmithKline, Sankyo; L.M. Ruilope: Abbott
(Knoll), AstraZeneca, Bayer, Boehringer Ingelheim,
Bristol-Myers Squibb, GlaxoSmithKline, Menarini,
Merck, Novartis, Pharmacia, Sanofi-Synthe´labo, Servier,
Solvay; M. Safar: Servier; J.A. Staessen: AstraZeneca,
Bayer, Bristol-Myers Squibb, Pfizer, Schwarz, Servier,
Flemish Government; P.A. van Zwieten: Bayer, Servier,
Solvay; B. Waeber: AstraZeneca, Bristol-Myers Squibb,
Menarini, Merck, Novartis, Pfizer, Sanofi-Synthe´labo,
Servier, Takeda, Swiss National Science Foundation;
B. Williams: Bristol-Myers Squibb, Merck, Pfizer, No-
vartis, Servier, Takeda; A. Zanchetti: Abbott (Knoll),
AstraZeneca, Aventis, Bayer, Bracco, Bristol-Myers
Squibb, Forrest, GlaxoSmithKline, Menarini, Merck,
Novartis, Pfizer-Pharmacia, Recordati, Sanofi-Synthe´la-
bo, Schwarz, Servier, Solvay, Takeda, Italian Ministry
of Health; F. Zannad: AstraZeneca, Aventis, Boehringer
Ingelheim, Bristol-Myers Squibb, Merck, Merck Lipha,
Pfizer-Pharmacia, Recordati, Sanofi-Synthe´labo, Servier,
INSERM, French Ministry of Health.
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
2003 Guidelines for Management of Hypertension 1053
